This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. ( 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



ATTACHMENT B 
Declaration under Rule 132 of Dr. David Alexander Clark 



marked specification paragraphs 



DR. DAVID A. CLARK, MD, PhD, FRCP(C), FRCP Edin 



Emeritus Professor of Medicine, McMaster University 
Consultant in Medical Oncology / Reproductive Medicine 
McMaster University Medical Centre 
Room HSC-3V39 
1200 Main Street West 
Hamilton, Ontario 




Telephone: (905) 521-2100 Ext. 76376 
Fax: (905) 521-4971 



L8N 325 Hamilton Health Sciences Email: clarkd@mcmaster.ca 




IN THE MATTER OF 
US Patent Application No. 
09/380,327 by ROBERTSON et al. 



Declaration under U.S.C§ Rule 132 



STATUTORY DECLARATION 



1, David Alexander Clark of 444 Smith Ave., Burlington in the Province of Ontario, Canada, do 
solemnly and sincerely declare as follows: 

L Lam the same David Alexander Clark who made statutory declarations dated 

16th December 2002 and 9 th September 2003 in respect of this matter. 

2. Iattended an interview at the United States Patent and Trademark Office on 22 nd 

April 2004 with the Examiner, Dr Phuong N. Huynh and the Supervisory Examiner, Ms 
Christina Chan, which was also attended by Mr. B. Aaron Schulman, the applicant's attorney, 
and by Mr. Craig Humphris, representing the licensee of the applicant's assignee. 

3. At this interview I discussed the prior art documents by Feinberg, Chaouat et al 

and Clark et al which had been cited by the Examiner. I maintain the opinions about these 
references which were set out in this discussion, and in my earlier declarations, namely that these 
references do not disclose or suggest the claims of the above application, and that one of 
ordinary skill in this art would not have combined these references in order to arrive at the 
claimed invention on the basis of the teachings in the art at the time of the invention. Moreover, 
as discussed at the interview, and as explained further below, the cited prior art references 
actually teach away from the present invention, because on the basis of these references and of 
the teachings at the time of the invention, it would have been thought that administering TGF-p 
to a prospective mother, either before attempted conception or after attempted conception, would 
cause miscarriage, rather than prevent it. 

4, Feinberg showed that TGF-p enhanced production of fibronectin from full-term 

human placental cytotrophoblast cells, and that the fibronectin could enhance sticking of the cells 
to a culture dish in vitro. Prior to 1997 it was known that activation of latent TGF-p by 
trophoblasts inhibited trophoblast migration (Graham et al.: Localization of transforming growth 
factor-p at the human fetal-maternal interface: role in trophoblast growth and differentiation. 
Biol. Reprod. 1992;46:561-572). Indeed, fibrin/fibronectin inhibits trophoblast migration. Prior 
to 1997 it was also known that reduced trophoblast migration was a characteristic of the 
histopathology of first trimester miscarriages and of pre-eclampsia (Khong TY et al: Defective 

Affiliated with the Faculty of Health Sciences, McMaster University 



CHEDOKE • CHILDREN'S • GENERAL • HENDERSON • McM ASTER 



2 



haemochorial placentation as a cause of miscarriage: a preliminary study. Brit. J. Obstet. Gynaec. 
1987;94:649-655). Copies of these publications are now shown to me and annexed hereto as 
Exhibits DAC-1 and DAC-2. 

5, The Feinberg patent discloses a method for achieving improved trophoblast 

implantation, regardless of whether or not the prospective mother lacks immune tolerance to any 
paternal antigens. Feinberg is completely silent regarding any suggestion that the presently- 
claimed method could be used to treat infertility of any kind in a prospective mother who lacked 
such immune tolerance. There is no reason on the basis of the Feinberg disclosure to suspect any 
direct beneficial effect of TGF-P on the induction of immune tolerance, and the role of local 
TGF-p molecules in the genital tract which is described in the present specification would 
therefore appear to someone skilled in the art to be completely opposite to what is suggested in 
Feinberg. The present method is directed to a set of conditions which is not disclosed or 
suggested in the Feinberg patent. 

6, As discussed at the interview, the paper by Chaouat et al cited by the Examiner 

described reducing the abortion rate by administering third party B ALB/c spleen cells which 
carried paternal DBA/2 Class I antigens. This protection was ascribed by Chaouat et al to the 
activation of placental cells to suppress maternal natural killer (NK) cells in the uterus, and to a 
serum factor reactive with BALB/c and DBA/2 cells, which was found to transfer protection 
against abortion. 

Z Firstly, it would have been readily understood at the priority date of the present 

application by a person skilled in the art that induction of an immune response such as antibody 
production is not induction of tolerance; it is induction of an immune response. Secondly, the 
placental cell-mediated suppression of natural killer cell activity described in this citation was 
subsequently found to be an artefact caused by increased numbers of foetal erythrocytes in 
healthier embryos (Clark & Chaouat, Cellular Immunology 1986;102:43-51). A copy of this 
publication is now shown to me and annexed hereto as Exhibit DAC-3. Thirdly, although 
Chaouat et all found that CBA/J anti-BALB/c serum could confer protection against abortions in 
DBA/2-mated CBA/J mice, they admitted that the experiments, in which spleen cells from 
different strains of mice did or did not absorb out the protective activity, did not prove that the 
protection was mediated by an anti-H-2d Class I MHC antibody. Antibodies to H-2d induced in 
CBA/J females by immunizing with DBA/2 cells in this paper did not confer protection. There 
were several unexplored mechanisms whereby CBA anti-BALB/c serum could have induced 
protection, and subsequent studies by Chaouat et al attributed the protection primarily to 
activation of maternal CD8 + T suppressor cells. 

?L In fact, attempts to use monoclonal anti-MHC Class I antibodies to protect against 

abortion in mice were unsuccessful (personal communication to me from Chaouat). This finding 
teaches away from any suggestion that MHC class I antigens might be useful in eliciting 
protection against abortion. Moreover, Chaouat did not indicate that there was any requirement 
that the BALB/c splenocytes were male cells; female BALB/c cells worked just as well, as was 
reported in the paper and subsequently confirmed at scientific meetings and in the scientific 
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literature. In other words Chaouat et al does not suggest in any way that immunization with 
paternal cells was essential. 

9. Moreover the results of Chaouat et all suggest that immunization requires an 

active immune response (which was shown to be mediated by CD8 + T cells of the mother) which 
is completely opposite to the induction of tolerance. Tolerance would mean absence of a 
response, and anti-MHC antibodies would function in this setting by blocking maternal T cell 
recognition and reaction to paternal Class I MHC antigens. Thus TGF-p would have been 
expected to inhibit the maternal CD8 + T cell response. 

10. There were, therefore, good reasons for a person skilled in the art not to use 

TGF-p together with cells bearing paternal antigens. Since during the period leading up to 1997 
there were many people skilled in the art trying to understand how immunotherapy against early 
abortion might work, I consider that if this combination had been thought likely to be beneficial, 
it would have been tested. 

11. Because of these findings, I consider that a person skilled in the art, prior to the 

making of the present invention, would have predicted that administration of TGF-p to a 
prospective mother, either before attempted conception or after attempted conception, would 
actually cause miscarriage. In addition, apart from the possible teratogenic effects of extraneous 
insults during early embryogenesis, such treatment would be predicted to present a risk of foetal 
growth restriction, with all of its adverse consequences. 

12. Accordingly, one skilled in the art at the time of the present invention would not 

have contemplated combining the disclosures of Feinberg, Chaout and Clark, because it would 
have been expected that administering TGF-p to a prospective mother, either before attempted 
conception or after attempted conception, would cause miscarriage. 

13. To my surprise, as predicted by the inventors in the specification in the present 

application, I have demonstrated that administration of TGF-p to a prospective mother who lacks 
immune tolerance to paternal antigen, either before attempted conception or after attempted 
conception, actually prevents miscarriage, and had no detrimental effect on the mother or the 
fetus during the period of observation. In fact this result was confirmed in the experiment 
described below. 

14. On the basis of these findings I consider that, once in possession of the present 

specification, I would not expect that there was any limitation on the time at which the 

TGF-p should be administered. The increased uterine GM-CSF expression stimulated by TGF-P 
in the experiments reported in the present specification does not imply that the TGF-P should be 
present in the lumen of the genital tract at the same time as the embryo, nor that it should have to 
be intraluminal. 

15. At the interview I also presented the results of an experimental study which I had 

performed to evaluate the effect of TGF-p3 on the abortion rate in a mouse model of recurrent 
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miscarriage. This is described in further detail below. The methods and the mouse model used 
in this study were widely available at the priority date of the current patent application. When 
CBA/J mice are mated with DBA/2 mice, the progeny develop in a placental environment which 
is quantitatively or qualitatively deficient in the production of the anti-inflammatory Th2-type 
cytokines IL-4 and IL-10, while there are increased levels of local inflammatory cytokines; these 
factors result in a high incidence of spontaneous foetal resorption (miscarriage). Details 
concerning the roles of these cytokines in the model were first published in 1990 (Chaouat G, 
Menu E, Clark DA, Dy M, Minkowski M, Wegmann TG. Control of fetal survival in CBA x 
DBA/2 mice by lymphokine therapy. J Reprod FertiL 1990; 89:447-58). A copy of this 
publication is now shown to me and annexed hereto as Exhibit DAC-4. 

16. Recombinant TGF-03 was administered vaginally (pv) in this model of recurrent 

miscarriage to test the ability of TGF-03 to reverse the high levels of miscarriage by influencing 
the maternal immune status towards a pro-pregnancy Th2-type response. A single dose of 
vehicle (1 0 microlitres of 0. 1% Bovine Serum Albumin in phosphate-buffered saline) or TGF-p3 
(20 nanograms in 10 microlitres of vehicle) was administered either before or after mating. 
Following mating, the female mice were treated with an intra-peritoneal (ip) dose of 
lipopolysaccharide (LPS) (1 microgram per 100 microlitres) to increase the recurrent miscarriage 
rate. 13.5 days after mating the animals were killed, and the uteri were removed on day 13.5 of 
gestation for assessment of 

(a) the number of mice with embryos (the pregnancy rate), and 

(b) the number of implantations and the number of resorptions (the resorption rate). 

17. In the vehicle-treated control group 15 animals were mated; of these 1 1 animals 

became pregnant, carrying a total of 97 implantations: 41% of these implantations were 
subsequently lost. In the TGF-03 treated group 14 animals were mated; all animals became 
pregnant, producing 115 implantations, of which 26% were subsequently lost. These results are 
summarized in Figure 1 . 
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18. Thus human TGF-p3 significantly reduced the proportion of miscarriage in this 

CBA x DBA/2 mouse model of recurrent miscarriage. The result is highly statistically 
significant, as measured by the Chi-squared test, with Yates' correction: 2P< 0.05, Chi-squared - 
4.797. 

19. This result shows that a single dose of TGF-p3 administered to a prospective 

mother lacking immune tolerance to paternal antigen, either before attempted conception or after 
attempted conception, actually prevents miscarriage and has no detrimental affect on pregnancy. 
I consider that this result shows that TGF-p3 is interchangeable with TGF-pl and TGF-p2 in the 
method of the invention. 

20. This result was expected from Table V in the present specification, which shows 

that treatment with sperm + TGF-pl increased fetal and placental weight in a BALB/c x CBA 
mating combination. The results presented above show an increased rate of successful 
implantation, which was also predictable from Table VI in the present specification. 

21. In the experiment described herein, and as disclosed and claimed in the patent 

specification, TGF-P is administered to the prospective mother pv, ie via a mucosal surface. 
This mucosal administration, as used in the experiment described herein in accordance with the 



teachings and claims of the present specification, proved to be safe and effective, contrary to 
what would have been expected before 1997. 



22. The phenomenon reported by Chaouat et al was not attributable to induction of 

tolerance, and the results of the experiment reported here indicate that administering TGF-p 
locally into the vaginal tract one day before or one day after natural introduction of DBA/2 
semen reduced the abortion rate. In contrast to the report of Chaouat et al, it was unnecessary to 
use a third party donor. Prior to the teachings of the present invention, no one to my knowledge 
had ever before reported being able to induce protection against abortion by using male DBA/2 
cells. 

23. I also consider that this result confirms that a person who was in possession of the 

present specification, using methods which were widely available at the priority date of the 
present application, would be able to identify TGF-P3 as suitable for use in the invention, and 
that these methods would be a matter of routine for a person of ordinary skill in the art. 

24. Finally, this result again confirms what is taught in the specification, that the 

invention achieves an unexpected beneficial result when compared to what the prior art would 
have taught at the priority date of the invention. 

I declare that all statements made herein of my knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like are punishable by prison or fine or 
both, under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of any application or patent thereon. 

DECLARED at &jLrl^*W this ^ day of <^&<^ 2004 
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Localization of Transforming Growth Factor-p at the Human Fetal-Maternal Interface: 
Role in Trophoblast Growth and Differentiation 1 

CHARLES H. GRAHAM, 23 JEFFREY J. LYSIAK, 3 KEITH R. McCRAE, 4 and PEEYUSH K. LALA 3 

Department of Anatomy? University of Western Ontario, London, Ontario, Canada N6A 5C1 
Hematology-Oncology Section* Department of Medicine, School of Medicine, Hospital of the University of 

Pennsylvania, Philadelphia, Pennsylvania 19104-4283 

ABSTRACT 

We examined the localization of transforming growth factor (TGF>|5 in first-trimester and term human decidua and chorionic 
villi and explored the role of this factor on the proliferation and differentiation of cultured trophoblast cells. Two antibodies, 
ID 11.16.8, a mouse monoclonal neutralizing antibody capable of recognizing both TGF-pl and TGF-£2 and CL-B1/29, a rabbit 
polyclonal antibody capable of recognizing TGF-(J2, were used to immunolocalize TGF-p in axed, paraffin-embedded, or fixed, 
frozen sections of placenta and decidua, providing similar results. Intense labeling was observed in the extracellular matrix (ECM) 
of the first-trimester decidua and cytoplasm of term decidual cells. Syncytiotrophoblast cell cytoplasm as well as the ECM in the 
core of the chorionic villi of both first-trimester and term placentas exhibited a moderate degree of labeling. Strong cytoplasmic 
labeling was observed in the cytotrophoblastic shell of the term placenta. To examine the role of TGF-(5 on trophoblast prolif- 
eration and differentiation, early passage cultures of first-trimester and primary cultures of term trophoblast ceils were established 
and characterized on the basis of numerous immunocyto chemical and functional markers. These cells expressed cytokeratin, 
placental alkaline phosphatase, uroldnase-type plasminogen activator, and pregnancy-specific p glycoprotein, but not factor VIII 
or 63D3; they also produced hCG and collagenase type IV. Exposure of first-trimester trophoblast cultures to TGF-pl significantly 
inhibited proliferation in a dose-dependent manner. An antiproliferative effect was also noted in the presence of TGF-02. These 
effects were abrogated in the presence of the neutralizing anti-TGF-p antibody ( ID 1 1 .16.8) in a concentration-dependent manner. 
In a 3-day culture, exogenous TGF-fJ 1 stimulated formation of multinucleated cells by the first trimester as well as term tro- 
phoblast cells. Addition of neutralizing antl-TGF-0 antibody to first-trimester trophoblast cells stimulated proliferation beyond 
control levels in a 24-h culture and reduced formation of multinucleated cells in a 3-day culture, indicating the presence of 
endogenous TGF-p activity. These results indicate that TGF-p produced at the human fetal-maternal interface plays a major 
regulatory role in the proliferation and differentiation of the trophoblast. 



INTRODUCTION 

Transforming growth factor-P (TGF-P) is a family of 
polypeptides that has the ability to regulate in vitro differ- 
entiation and proliferation of a variety of cell types de- 
pending on the microenvironment [1]. It has been shown 
to inhibit proliferation of epithelial cells and to induce their 
differentiation [2-5]. One of the initial sources from which 
TGF-p was purified to homogeneity was the human pla- 
centa [6], This organ also has high-affinity receptors for TGF- 
0 (7]. However, the precise cellular source of TGF-p and 
its functional role at the fetal-maternal interface remain to 
be fully defined. Recendy, we have shown that first-trimes- 
ter human decidual cells and to some extent trophoblast 
cells in culture produce TGF-P and that it is instrumental 
in the control of trophoblast invasion [8-10]. In the present 
study we examined the localization of TGF-p at the fetal- 
maternal interface and its possible functional role in tro- 
phoblast proliferation and differentiation in vitro. 

Human placental trophoblast cells consist of villous tro- 
phoblast and extravillous trophoblast. Both villous and ex- 
travillous populations include subpopulations of mononu- 
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cleated (cytotrophoblast) and multinucleated (syncytial) cells. 
Proliferative ability of trophoblast cells in the chorionic vil- 
lus as well as extravillous sites is confined to the cytotro- 
phoblast. Multinucleated trophoblast cells in the chorionic 
villus are designated as syncytiotrophoblast, whereas those 
in extravillous locations (placental bed) are called placental 
bed giant cells. Multinucleated trophoblast cells, which are 
nonproliferative, arise as the result of fusion and differen- 
tiation of cytotrophoblast cells in both cases. Litde is known 
about the molecular signals that regulate proliferation of 
trophoblast cells and their differentiation into multinu- 
cleated cells. We demonstrate here that TGF-P provides one 
such signal. 

MATERIALS AND METHODS 

fmmunohistocbemical Staining for TGF-fi 

Human first-trimester decidual tissue and chorionic villi 
(resulting from elective terminations of pregnancy) and se- 
lected samples from term placentas (obtained after normal 
delivery) were fixed in Bouin's fixative and embedded in 
paraffin, or fixed with 0.1% glutaraldehyde/3% parafor- 
maldehyde in PBS and frozen, lmmunohistochemical stain- 
ing for TGF-P was performed using two antibodies (Abs): 
CL-B1/29, a rabbit polyclonal Ab capable of recognizing TGF- 
P2 [11], and 1D11.16.8, a mouse monoclonal neutralizing 
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Ab capable of recognizing both TGF-pl and TGF-02 [12]. 
Both Abs were generously provided by Celtrix Laboratories 
(Palo Alto, CA). The dilution for the polyclonal Ab was 125 
ixg/ml, according to the pretested protocol provided by Dr. 
Howard Higley (Celtrix Laboratories). The dilution of the 
monoclonal Ab was 8 |xg/ml, as determined from pilot 
studies using serial dilutions. Sections incubated in the ab- 
sence of primary Ab, in the presence of equivalent dilutions 
of normal rabbit serum, or in the presence of Ab preab- 
sorbed with purified TGF-p2 served as negative controls for 
CL-B1/29. Negative controls for 1D11.16.8 consisted of sec- 
tions treated without the primary Ab or incubated with an 
unrelated anti-H-2K k Ab of identical Ig class. Immuno- 
staining was performed by means of the avidin-biotin-per- 
oxidase (ABC) technique with diaminobenzidine (DAB) as 
the chromogen [13]. 

To determine the precise identity of certain cells that 
localized TGF-p, immunohistochemical staining for cyto- 
keratin was performed in serial sections, since cytokeratin 
provides the most reliable marker for trophoblast cells in 
situ in the placenta [14]. Sections of term placental tissue 
were incubated with a monoclonal Ab that recognizes hu- 
man cytokeratins 8 and. 18 (Becton, Dickinson, San Jose, 
CA). Negative controls were provided by sections treated 
without primary Ab or incubated with an unrelated anti-H- 
2K k Ab of identical Ig isotype. Immunocytochemistry was 
then performed using the ABC technique with DAB as the 
chromogen. 

Establishment of First-Trimester Trophoblast Cells 
in Culture 

First-trimester human trophoblast cells were cultured as 
detailed elsewhere [8] using a modification of the method 
of Yagel et al [15] previously reported from our laboratory. 
Briefly, first-trimester placental tissues were rinsed in cold 
RPMI 1640 medium (Grand Island Biological Company, 
Grand Island, NY). Chorionic villi were minced finely and 
washed once in RPMI 1640 medium. Villus fragments were 
plated in culture medium consisting of RPMI 1640, 10% fe- 
tal calf serum (FCS), streptomycin (200 u,g/ml), penicillin 
(200 U/ml), and amphotericin B (0.50 fig/ml) in 75-cm 2 
closed tissue culture flasks. Fragments were allowed to ad- 
here for 2-3 days, after which nonadherent cells were re- 
moved and discarded. Adherent cells were expanded for 
1-2 wk during which the medium was changed every 3 
days. For passages, cells were removed by trypsinization 
(0.25% trypsin in Ca 2+ - and Mg 2+ -free PBS + 0.02% EDTA), 
washed, and plated in similar flasks. For long-term storage, 
cultures were kept frozen in liquid nitrogen in a mixture 
of 50% culture medium, 45% fetal calf serum, and 5% di- 
methylsulfoxide. 

Immunohistochemical Characterization of First-Trimestei- 
Trophoblast Cells in Culture 

First-trimester trophoblast cultures, after 1-5 passages, 
were characterized morphologically and by immunocyto- 



chemical staining using the following panel of Abs: (1) a J 
mouse monoclonal Ab to cytokeratin (Becton, Dickinson) 
that recognizes human cytokeratin filaments 8 and 18 (neg- 
ative controls consisted of mouse monoclonal anti-H-2K k | 
[IgG 2a » same isotype as the anu-cytokeratin Ab] applied to . | 
similar cultures, cultures processed without primary Ab, and .V 
cultured fibroblasts from term placentas); (2) monoclonal i[ 
Abs against cytokeratins 7 and 18 (Boehringer-Mannheim, 
FRG); (3) monoclonal Abs A1E5, RC311, and 2C5 (kindly ',\\ 
provided by Drs. M. Lafferty and H. Harris, Department of i 
Genetics, University of Pennsylvania, Philadelphia, PA), all - ! 
against placental alkaline phosphatase; (4) polyclonal rabbit 
Ab against urokinase-type plasminogen activator (uPA; : 
American Diagnostic, Greenwich, CT); (5) monoclonal Ab 
against 63D3, a human macrophage marker (hybridoma 
obtained from the American Type Culture Collection, Rock- 
ville, MD [16]; human decidual macrophages served as pos- 
itive control); and (6) polyclonal rabbit Ab against Factor 
VIII (Dakopatts, Glostrup, Denmark; sections of rat brain ]■ 
blood vessels were used as positive controls). The ABC 
technique was used to localize antigens. 

■ 

Functional Characterization of First-Trimester | 
Trophoblast Cells in Culture A 
Levels of hCG were measured in the conditioned media , | 
of primary and passaged, subconfluent first-trimester tro- | 
phoblast cultures at the Department of Nuclear Medicine, J 
St. Joseph's Hospital, London, Ontario, by means of a mi- "\ 
croparticle enzyme immunoassay (Abbott Laboratories, Ah 1 
bott Park, IL). Briefly, diluted samples of conditioned media | 
were treated with an anti-hCG (recognizing the beta sub- J 
unit of hCG) Ab conjugated with alkaline phosphatase. This | 
enzyme-Ab-antigen complex was then incubated with anti- | 
hCG-coated microparticles, and an aliquot of this mixture 1 
was transferred to a glass fiber matrix. The matrix was then ; 

_ — — 

FIG, 1. a) Photomicrograph of a paraffin section of human first-trimes- 
ter decidua stained for TGF-p with the monoclonal Ab 101 1.16.8. Note in- 
tense labeling of the ECM throughout the decidua and intracellular staining 
in a minority of decidual cells (arrow). The majority of decidual cells (large ;| 
cells with eccentric nuclei) and decidual leukocytes are not stained. x672. J 
b) Photomicrograph of a paraffin section of human first-trimester chorionic f 
villi stained with the monoclonal Ab. Strong cytoplasmic staining is seen l 
in the syncytiotro phoblast (SYN) layer; minor staining is noted in the villus | 
core (VC). Little or no labeling is seen in the cytotrophoblast celt layer tar- | 
rows). x672. c) Paraffin section of human term placenta and associated | 
decidua stained for cytokeratin. Specific stein ing of the villous syncytiotro- | 
phoblast (arrow) and the cells of the cytotrophoblastic shell (CS) is seen. | 
Decidua (D) and the core of the villi (VC) are negative. X168. d) Paraffin | 
section of human term placenta and associated decidua stained with mono- | 
clonal Ab 1D1 1.16.8. Intense cytoplasmic staining is observed within dc- | 
cidual cells (D) and trophoblast cells of the cytotrophoblastic shell (CS). The ,| 
syncytiotrophoblast (arrow) and core of the villi (VC) exhibit weak labeling-. I 
xl68. e) High magnification of human term decidual cells stained with J: 
monoclonal anti-TGF-p Ab. Strong intracellular labeling is seen within de-;f 
cidual cells and an absence of labeling of the ECM. x672. f) Human term 1 
placenta and decidua stained with the monoclonal Ab H-2K\ used as a neg- t 
ative control. No staining is seen in the decidua (D), cytotrophoblastic shell J 
(CS), or chorionic villi (CV>. x168, ;| 
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FIG. 2. Morphology of first-trimester trophoblast cells in culture a) A morphologically heterogeneous population 
remains after 2 passages, b) Multinucleated cell formation takes place even after 11 passages. Phase contrast, x267. 



washed to remove unbound material and the substrate; 
4-metnyluiiibeIliferyI phosphate was added, and the result- 
ing fluorescence was measured. The sensitivity of this assay- 
has been calculated to be better than 2.0 mlU/ml. 

Collage nase type IV activity (a characteristic of invasive 
trophoblast cells) was measured in die conditioned media 
of first-trimester (fourth-passage) trophoblast cells using the 
method of Vaithilingam et al. [17]. Briefly, collageno lytic ac- 



tivity was evaluated by measuring breakdown produce ol 
■H-labeled collagen type IV after precipitation with trichlo- 
roacetic acid. 

Culture ami Character 'ization of Term Trophoblast Cells 

Attempts to grow term placental trophoblast cells by cul- 
turing term chorionic villus fragments in the same manner 
as described for first-trimester chorionic villi did not sue- 
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TABLE. 1. Immunocytochemical characteristics of 
first-trimester trophoblast cells (2-4 Passages). 



Marker % Positive 



Cytokeratins 8 and 18 100 

Cytokeratin 18 100 

Cytokeratin 7 100 
placental alkaline phosphatase: 

A1E5 100 

RC311 100 

2C5 100 

Urokinase-type plasminogen activator 100 

63D3 {macrophage marker) 0 

Factor VIII 0 



ceed. After one or two passages, cultures were overgrown 
to confluence by fibroblasts, although a few cytokeratin- 
positive cells remained. These cultures were used as neg- 
ative controls for immunocytochemical studies. We suc- 
ceeded in isolating term cytotrophoblast cells for primary 
cultures by employing the method of Kliman et al. [18]. 
Briefly, term placentas were washed, and the decidual tis- 
sue and vessels were carefully removed Placental tissue was 
then minced and subjected to three cycles of digestion with 
0.125% trypsin and 0.2 mg/ml DNAase type I. The cells re- 
leased in each cycle of digestion were pelleted through calf 
serum, resuspended in Dulbecco's Modified Eagle Medium 
containing 4.5 g/L glucose (DMEM-HG), and pooled. Ali- 
quots were centrifuged through a 5—70% discontinuous 
percoll gradient for 30 min at 1 400 x g. Trophoblasts were 
identified as a large band with a density of about 1.050. The 
isolated trophoblast (primarily cytotrophoblast) population 
was at least 95% pure as determined by immunocytochem- 
ical staining with monoclonal Abs for cytokeratins 7 and 18, 
ot-hCG,p-hCG, pregnancy-specific p x glycoprotein (Dako- 
patts), and placental alkaline phosphatase and by lack of 
staining with Abs specific for vimentin (Cadna Medical Di- 
agnostic Inc., Toronto, Ontario) and the monoclonal Ab 63D3 
(against human macrophages). Term trophoblasts were cul- 
tured in DMEM-HG containing 10% FCS, 2 mM glutamine, 
and 0.05 mg/ml gentamycin. All studies with these cells were 
performed on primary cultures. 

Conditions of Trophoblast Cultures for Examining the 
Rote ofTGF-p 

Effects on cell proliferation. In the first set of experi- 
ments, designed to test TGF-p effects on cell proliferation, 
50-p.l aliquots containing 5.0 x 10 5 first-trimester tropho- 
blasts after 2-3 passages were added to each well of a 96- 
well (flat-bottom) microtiter plate (Flow Laboratories, 
McLean, VA), and allowed to adhere for 24 h. Fifty microl- 
iters of various dilutions of porcine TGF-pi with full bio- 
logical activity for human cells (R&D Systems, Minneap- 
olis, MN) was then added to each well (for a final 
concentration range of 0.0001-0.10 ng/ml TGF-P 1) and in- 
cubated for a further 24 h before harvesting. Six hours be- 
fore harvesting, 50 \x\ of tissue culture medium containing 



0.15 ftCi 3 H-thymidine ( 3 H-TdR) was added to each well 
(for a final concentration of 1 (xCi/ml). At the end of the 
incubation period, the tissue culture medium was re- 
moved, and 100 u.1 of 0.25% trypsin was added to each well. 
The cells were harvested 15 min later by means of a Titer- 
tek harvester, and 2-min counts were taken on a Beckman 
scintillation counter. 

In the second set of experiments, performed to test 
whether exogenous TGF-p affected cell numbers, first- 
trimester trophoblast cells were plated in triplicate on 6-well 
plates (6.0 x io 4 cells per well; flat-bottom Falcon plates, 
Becton, Dickinson) and cultured in the absence or pres- 
ence of TGF-(31 (10 ng/ml). After a 6-day incubation, the 
cells were lifted from the wells with 0.25% trypsin and 
counted in a hemocytometer. 

In the third set of experiments, designed to examine 
whether the trophoblast cultures were influenced by en- 
dogenous TGF-p activity, first-trimester trophoblast cells were 
plated in the absence or presence of neutralizing anti-TGF- 
P monoclonal Ab 1D11.16.8 (25 u*g/ml) or TGF-pi (10 ng/ 
ml). Use of an unrelated monoclonal Ab of the same Ig 
isotype and in the same concentration (anti-TGF-a; Berlex 
Bioscience, Alameda, CA) provided an additional internal 
control. Incorporation of 3 H-TdR was determined during 
the final 6 h of 24-h culture under the above conditions. 

In the fourth set of experiments, we tested the effects of 
exogenous TGF-pi and TGF-p2 (porcine, R&D Systems; 
10 ng/ml) alone or in combination with increasing con- 
centrations (5-100 u>g/ml) of neutralizing anti-TGF-P Ab 
(1D1 1.16.8) on 3 H-TdR uptake by first-trimester trophoblast 
cells using the same protocol as above. This allowed us to 
examine the specificity of action of TGF-P and the Ab. 

Effects on the formation of multinucleated cells. To 
examine the effects of TGF-p on the formation of multi- 
nucleated cells, 3.0 x 10 4 first-trimester and term tropho- 
blast cells were plated in quadruplicate in 6-well plates and 
cultured for 72 h in the presence or absence of TGF-pi (10 
ng/ml) or anti-TGF-p (25 u,g/ml). Cells were fixed in 
methanol for 3 min at -20°C and stained with hematoxylin 
to facilitate counting of nuclei. 



TABLE 2. Functional properties of first-trimester 



trophoblast cells. 


hCG production O subunit) 


IU/L 


First-trimester trophoblast 




Primary (3-day media) 


211 


Primary (7-day media) 


932 


Primary (15-day media) 


>4000 


Passage 1 (3-day media) 


44 


Passage IV (3-day media) 


45 


Passage V (3-day media) 


37 


Jar Choriocarcinoma (2-day media) 


665 


JEG Choriocarcinoma (2-day media) 


80 


Collagenase Type IV Activity 
First-trimester trophoblast 
Passage IV (6-day media) 


U/mg protein 
39, 42 
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Statistical Analysis 

Significance of differences between mean values was 
evaluated by one-way analysis of variance. A p value ^ 0.05 
was considered significant. 

RESULTS 

Localization of TGF-fi in First-Trimester and Term 
Decidua and Chorionic Villi 

Use of both the monoclonal and the polyclonal anti-TGF- 
P Abs provided similar patterns of staining. Intense labeling 
was observed in the extracellular matrix (ECM) of first- 
trimester decidual tissue; decidual leukocytes and glandu- 
lar epithelium remained unlabeled (Fig. la). First-trimester 
chorionic villi exhibited strong labeling of syncytiotro- 
phoblast cell cytoplasm as well as moderate labeling of the 
ECM of the villus core (Fig. lb). Term placental tissue showed 
strong intracellular labeling of decidual cells (Figs. l,d and 
e) as well as cytotrophoblastic shell embedded in the de- 
cidua (Fig. Id). The latter cell population was distinguished 
from the decidual cells on the basis of strong staining for 
cytokeratin (Fig. 1c). Cytokeratin, an intermediate filament 
of epithelial cells, was localized in cytotrophoblast as well 
as in syncytiotrophoblast cells. Decidual cells and the mes- 
enchymal core of the chorionic villi were negative for cy- 
tokeratin (Fig. 1c). Syncytiotrophoblast cells of the term 
chorionic villi showed weak-to-moderate labeling for TGF- 
P (Fig. Id). A moderate degree of labeling was again ob- 
served in the core of the villi (Fig. Id). No staining was 
seen in negative control sections in which anti-H-2ld c was 
used as the primary Ab (Fig. If). Omission of the primary 
Ab or preabsorbion of the polyclonal Ab with purified TGF- 
P2 abolished the staining (pictures not shown). 

Characterization of Cultured First-Trimester 
Trophoblast Cells 

The success rate of growing first-trimester cells with 
confirmed trophoblastic characteristics ranged between 30% 
and 50% with the methodology used. Cultures that did not 
prove to be 100% cytokeratin-positive after one or two pas- 
sages were discarded. Morphological findings of first- 
trimester trophoblasts were in general agreement with those 
of Yagel et al. [15]. After 4-8 days in primary culture, var- 
ious cell populations could be observed to be radiating from 
villous fragments. After two passages, a multiangular cell 
population predominated (Fig. 2a). Signs of formation of 
multinucleated cells were still evident after eleven passages 
(Fig. 2b). The cultures used in this study were 100% pos- 
itive for all the cytokeratins examined, indicating an epi- 
thelial (trophoblastic) origin for the cells (Table 1). In ad- 
dition, 100% of the cells were positive for placental alkaline 
phosphatase and uPA None of the cells were found to be 
positive for factor VHI, or the macrophage marker 63D3, 
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FIG. 3. Effect of various doses of TGF-pl on trophoblast proliferation 
( 3 H-TdR uptake). Each bar represents the mean (±SE) of quadruplicate wells. 



thus excluding the possibility that they may be endothelial i 

cells or cells of the monocyte-macrophage lineage. *f 

Human CG production was maintained in these cultures -J 

until at least five passages. However, the levels decreased I| 

significantly after passaging of the cells (Table 2). First- -| 

trimester trophoblast cell cultures also produced substan- | 

tial levels of collagenase type IV (Table 2) and plasminogen J 

activator (data not shown). Furthermore, they expressed | 

saturable binding sites for single-chain uPA ([9], McCrae et . | 

al, unpublished results). Employing an in vitro invasion as- | 

say, we have also shown that these cells are highly invasive f 

| 

Characterization of Term Trophoblast Cells in Culture f 

% 

The morphology of isolated term trophoblast cells was "| 
as described by Kliman et al. [18]. A large proportion of the "J 
cells. (38%) after 3 days in culture were multinucleated. This j[ 
occurred despite the fact that the isolation procedure pref- .j| 
erentially isolates cytotrophoblasts. Their marker character- ; [ 
istics have already been listed earlier in the Materials and 
Methods section. Term trophoblast cells also expressed sat- , \ 
urable binding sites for uPA, although to a lesser extent 1 
than first-trimester cells ([9], McCrae et al., unpublished re- 
sults). 
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FIG. 4. 3 H-TdR uptake by cultured (3 passages) first-trimester tropho- 
blast cells under various conditions: TGF-p = 10 ng/ml; anti-TGF-p « 25 
ttg/ml. 



£#i?cf o/ TGF-fB on First-Trimester Trophoblast 
Proliferation 

Incubation of trophoblast cells in the presence of TGF- 
01 for 24 h reduced 3 H-TdR incorporation in a dose-de- 
pendent manner (Fig. 3). Significant (jp < 0.011) suppres- 
sion was observed at doses of 1-10 ng/ml. In accordance 
with these results, incubation of cells in the presence of 
TGF-pl (10 ng/ml) for 6 days resulted in a 55% decline 
(p < 0.01) in the total cell number from (3 25 ± 0.14) x 
10* cells in the control to (2.11 ± 0.19) x 10 s cells in the 
TGF-pi -treated group. 

Addition of anti-TGF-P Ab in a 24-h culture resulted in 
a small (/> = 0.2) increase in ^-TdR incorporation over 
control cultures (Fig. 4), indicating the possible presence 
of endogenous TGF-0. Addition of another Ab (anti-TGF-a) 
of the same isotype and in the same concentration as the 
anti-TGF-p Ab did not affect 3 H-TdR uptake as compared 
with cells cultured in medium alone (not shown). 

In another experiment (Fig. 5), exogenous TGF-pl as 
well as TGF-P2 (10 ng/ml) reduced 3 H-TdR uptake by tro- 
phoblast cells. Additional presence of the neutralizing Ab 
abrogated these effects in a dose-dependent manner. The 
abrogation of TGF-01 activity was complete and significant 
(p = 0.002) at an Ab concentration of 25 |tg/ml; for TGF- 
P2 the effective concentration was 50 |xg/ml (p = 0.01). 
The Ab alone caused a minor dose-dependent stimulation 



of 3 H-TdR uptake. Taken together, these results indicate that 
the antiproliferative function of TGF-p is specific. 

Effects of TGF-(3l and Neutralizing Anti~TGF-(B Ab on 
Formation of Multinucleated Cells by First-Trimester and 
Term Trophoblast Cells 

Figures 6 and 7 show that the presence of exogenous 
TGF-pl (10 ng/ml) in 3-day cultures of first-trimester and 
term trophoblasts induced formation of multinucleated cells. 
We defined multinucleated cells as cells having two or more 
nuclei. Results in these figures are given as the percentage 
of the total number of cells counted; they indicate that ad- 
dition of TGF-pl to both first-trimester and term tropho- 
blast cultures caused a shift in the ratio of mononucleated 
to multinucleated cells, the latter becoming the predomi- 
nant cell type (p < 0.003 for first-trimester trophoblast and 
p < 0.0003 for term trophoblast). Addition of anti-TGF-p 
Ab to first-trimester trophoblasts significantly reduced the 
number of multinucleated cells. This reduction in multi- 
nucleated cell formation by the Ab was evident when the 
Ab-containing medium was compared with both the me- 
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FIG. 5. Effect of various concentrations of neutralizing monoclonal anti- 
TGF-p Ab on 3 H-TdR incorporation by first-trimester trophoblast cells cul- 
tured in the presence or absence of TGF-pl or TGF-02 (10 ng/ml). Note 
that presence of both TGF-p molecules in the absence of Ab resulted in 
decreased 3 H-TdR uptake and that addition of Ab in increasing concentra- 
tions resulted in a gradual increase and restoration of 3 H-TdR uptake. Ad- 
dition of Ab alone resulted in a minor (nonsignificant) dose-dependent in- 
crease In uptake. Symbols represent the mean (±SE) of quadruplicate wells. 
Second-order regression curves were generated with a Sigma Plot Scien- 
tific Graph System (Jandel Scientific, Corte Madera, CA). 



568 



GRAHAM ET AL. 



0) 
O 



t-4 

JO 

s 

4 I 

cd 
.*-> 
o 



100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 



Mononucleated 



I | Multinucleated ^L. 

W 

Normal TGF/S Anti-TGF/S 

Culture Conditions 

FIG. 6. Effect of TGF-01 on formation of multinucleated cells by first- 
trimester trophoblast cells. Cells, were counted in quadruplicate wells. Bars 
represent mean (±SE) percentage of the total number of cells counted in 
each culture condition. At least 2 000 cells were counted in each group. A 
celt containing 2 or more nuclei was considered to be multinucleated. 



dium containing exogenous TGF-p (/> < 0.001) and the 
control medium (p < 0.03). This suggests that either tro- 
phoblasts themselves produced TGF-p or that the tissue 
culture medium contained functional levels of TGF-fi. We 
have earlier shown that first-trimester trophoblast cells do 
indeed produce bioactive TGF-p [10]. 

Figure 8 illustrates morphological characteristics of first- 
trimester trophoblast cells exposed to culture medium alone 
(Fig. 8a), to TGF-pi (Fig. 8b), and to anti-TGF-p (Fig. 8c) 
and then stained immunocytochemically for cytokeratins 8 
and 18. One hundred percent of the cells were labeled for 
cytokeratin under all conditions. When a similar but un- 
related Ab was used to replace the anti-cytokeratin Ab, none 
of the cells showed staining. Furthermore, term placental 
fibroblasts were negative for cytokeratin (Fig. 8d), indicat- 
ing that the monoclonal Ab to cytokeratin was specific and 
efFective. 

Further analysis of these cultures indicated that addition 
of exogenous TGF-pl resulted in an increase in the num- 
ber of nuclei in the cells. As shown in Figure 9, a large 
proportion of first-trimester trophoblast cells exposed to 
exogenous TGF-01 had five or more nuclei (28.296), whereas 
only 3.656 of cells exposed to anti-TGF-0 Ab had five or 
more nuclei. 
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FIG. 7. Effect of TGF-01 on formation of multinucleated cells by term 
trophoblast cells. Cells were counted in quadruplicate wells. Bars represent 
mean (±SE) percentage of the total number of cells counted in each culture 
condition. At least 2 000 cells were counted in each group. 



Similar results were obtained when term trophoblasts 
were cultured under the above conditions (Fig. 10). In all 
the above experiments, cell viability at the end of the in- •% 
cubation times was greater than 99%. | 

J 

DISCUSSION ;| 

The present study was designed to identify the location j 
of the TGF-0 protein In tissues of the human fetal-maternal | 
interface and to examine the function of this molecule on j| 
trophoblast growth and differentiation, employing well- I 
characterized human trophoblast cells in culture. 1 



FIG. 8. Immunolabeling for cytokeratin of first-trimester cells (3 pas- 
sages) exposed to different culture conditions (a-c, bright-field) and second- t 
passage term placental cultures (d, phase-contrast to show nuclei of urt- ; 
stained fibroblast). All cells in the three conditions were cytokeratin- post- ''■ 
tive. a) Some degree of multinucleated cell formation was observed in cut- :< 
tures In medium alone, b) A large proportion of cells in cultures treated " : 
with TGF-fJ are multinucleated, c) Cultures treated with anti-TGF-0 Ab show ": 
a significant reduction in the number of multinucleated cells, d) Second- • 
passage term placental cultures are overgrown by cytokeratin-negative fi* , 
broblasts, and only a few cytokeratin-positive trophoblast cells (arrows) re-r 
main. All photographs x256. r 
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FIG. 9. Effect of TGF-01 on the number of nuclei in first-trimester tro- 
phoblast cells. Bars represent the percentages of the total number of cells 
counted (±SE). Counts were performed in quadruplicate wells, and at least 
one thousand cells were counted in each culture condition. TGF-pl = 10 
ng/ml; anti-TGF-p = 25 ^g/ml. 
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FIG. 10. Effect of TGF-01 on the number of nuclei in term trophoblast 
cells. Bars represent the percentages of the total number of cells counted 
(±SE>. Counts were performed in quadruplicate wells, and at least one 
thousand cells were counted in each culture condition. TGF-B1 = 10 no/ 
ml; anti-TGF-0 = 25 ^g/ml. 



For immunolocalization, we utilized two different Abs: 
recognizing both TGF-01 and TGF-02, and the other rec- 
ognizing TGF-02 alone, both providing similar staining pat- 
terns. While these results conclusively demonstrate the 
presence of TGF-02, they do not exclude the presence of 
other forms of TGF-0 (01 or 03). Expression of TGF-01 has 
been reported for the mouse peri-implantation uterus [19], 
whereas TGF-02 but not 01 mRNA has been reported for 
the mouse pregnant uterus [20]. In the decidua of the first- 
trimester, TGF-0 was mosdy localized in the ECM, whereas 
in the full-term decidua, it was primarily in the decidual 
cell cytoplasm. This difference can be due to a higher rate 
of synthesis and/or a slower rate of release of TGF-0 by 
term decidual cells, as well as a relative paucity of ECM in 
the term decidua. Decidual ECM may serve as a storage site 
for TGF-0 as has been documented for other tissues [21 J. 
Although immunostaining cannot distinguish between the 
active and latent forms of TGF-0, we have earlier noted that 
TGF-0 released in the culture medium of the first- trimester 
decidua is mostly in its latent form [10]. The present study 
also revealed the presence of TGF-0 in the cytoplasm of 
syncytiotrophoblast cells of the chorionic villi of both first- 
trimester and term placentas; minor labeling was. noted in 



the ECM of the villus core. The cytoplasm of the extravil- 
lous trophoblasts in the cytotrophoblastic shell was also la- 
beled. These observations are consistent with our earlier 
results showing that a bioactive form of TGF-0 is released 
by trophoblast cells in culture [10]. It is highly likely that 
decidua-derived TGF-0 at the chorio-decidual interface is 
activated by trophobiast-derived proteinases [9]. 

Trophoblast cultures established using the methodology 
described here have been characterized previously [15]. Since 
establishment of pure human trophoblast cells in culture 
has been fraught with major difficulties [22] and has been 
the subject of skepticism, we recognized the importance of 
further charaaerization of the cultures employed in the study 
of TGF-0 function. On the basis of numerous immunocy- 
tochemical and functional markers expressed by these cells 
(listed in Tables 1 and 2), they were regarded as 100% pure 
trophoblast. Whenever cells were positive for cytokeratin, 
they were also positive for other trophoblast markers. 
Therefore, cytokeratin is a reliable marker for identifying 
trophoblast cells in the present system. This conclusion is 
supported by the in situ immunocytochemical data pre- 
sented here, as well as those reported by Daya and Sabet 
[14], in which cytokeratin is shown to be expressed exclu- 
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lively by trophoblast ceils in the placenta Furthermore, their 
ability to produce proteinases ([9], present study) as well 
as their invasive ability in vitro [9, 10, 23] reveals that the 
culture system used in the study reported here selects for 
invasive trophoblast cells. 

We have demonstrated in this study that TGF-0 provides 
an antiproliferative signal for the first-trimester trophoblast 
. and induces formation of multinucleated cells in vitro by 
both first-trimester and term trophoblast cells. As term tro- 
phoblast cells did not divide, multinucleated cell formation 
was not necessarily linked to the antiproliferative function 
of TGF-p. Since TGF-p is abundant at the fetal-maternal in- 
terface, we propose that both decidua-derived as well as 
irophoblast-derived TGF-p plays an essential role for in vivo 
differentiation of trophoblast. Whether the molecule re- 
sponsible for the in vivo differentiation of trophoblasts is 
TGF-01 or TGF-P2 remains undetermined because the Ab 
used in the functional studies neutralizes both classes of 
TGF-p. The same uncertainty also applies to the antiprolif- 
erative effect of TGF-p, since both TGF-01 and TGF-p2 caused 
a reduction in proliferation that could be prevented by ad- 
dition of neutralizing Ab. However, the presence of TGF- 
p2 (determined by irnmunohistochemistry) in chorionic villi 
and decidua in situ suggests, an in vivo role for this mol- 
ecule in trophoblast proliferation and differentiation. While 
the role of TGF-p on the induction of a functional marker 
for trophoblast differentiation remains to be tested, it ap- 
pears that TGF-p induces trophoblasts to leave the cell cycle 
and form multinucleated cells. These multinucleated cells, 
resulting from the fusion of invasive cytotrophoblasts, pos- 
sibly represent the in vivo equivalents of placental bed giant 
ceils rather than the villous syncytiotrophoblast. We noted 
that both first-trimester and term cytotrophoblast cells iso- 
lated by the methods described in the present study are 
highly invasive [8]. 

It has been shown that a number of other epithelial tis- 
sues respond to TGF-p by concomitant growth inhibition 
and differentiation (3-5) and that TGF-P interferes with the 
action of specific mitogens such as epidermal growth fac- 
tor, TGF-ot and platelet-derived growth factor [1], We have 
preliminary evidence to suggest that TGF-ct antagonizes TGF- 
P action on trophoblast cell proliferation [24]. 

In addition to the syncytium-inducing and anti-prolifer- 
ative function, we have recently shown that TGF-p also plays 
an important role in controlling trophoblast invasion in situ 
[8-10], Using an amnion invasion assay, we showed that 
conditioned medium from first-trimester decidual cultures 
suppresses trophoblast invasion. This suppression was re- 
lieved by the addition of neutralizing anti-TGF-p Ab and 
was simulated by TGF-pi. The anti-invasive effect was found 
to be mediated by the induction of tissue inhibitor of me- 
talloproteinases. Furthermore, it has been suggested that 
TGF-p2-like molecules secreted by the murine decidua play 
a local immunoregulatory role [25]. Thus, TGF-P appears 
to be an important multifunctional molecule at the fetal- 



maternal interface. The mechanisms that regulate TGF-P 
production in situ remain to be identified. 
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Summary. The morphology of the placental bed in idiopathic sporadic 
and recurrent miscarriages was studied and the findings correlated with 
the fetal chromosomal pattern where possible. Defective development 
of haemochorial placentation, which was not necessarily linked with 
fetal chromosomal abnormality, was seen in association with some 
miscarriages* These preliminary results, not previously demonstrated, 
strongly support the concept that miscarriages and pregnancies compli- 
cated by pre-ectempsia and/or small-for-gestational-age infants may be 
a continuum of disorders with a similar pathology in the placental bed. 
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Many factors are Likely to be responsible for mis- 
carriages, most of which are non-recurrent, and 
although chromosomal abnormalities ere one of 
the most important, their reported occurrence in 
miscarriages is only about 50% (Bouec/u/. 19g5). 
Furthermore, there is the occasional fetus with a 
chromosomal abnormality which is not miscar- 
ried but attains viability. Causes must be sought 
for the remaining $0% or more of miscarriages 
unassorted with chromosomal defects. 

It has been suggested that defective placenta* 
tion may be of crucial import in miscarriage 
(Robertson 1976 ; Kobenson et aL 1985) , but this 
Idea has never been fully investigated. 
Haemochorial placentation is established in the 
placental bed where the two genetically dissimi- 
lar maternal and fetal tissues intermingle inti- 
mately, If defective placentation is an important, 
factor underlying miscarriage, it would be 
expected to be found more frequently in these 
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woman with a history of unexplained recurrent 
miscarriages. We therefore report what we 
believe is the first study of the pathology of the 
placental bed in recurrent miscarriages and in 
idiopathic sporadic miscarriages with correla- 
tion, where possible, with cytogenetic studies of 
Che fetal tissues. 



Materials and methods 

Materials 

Tissue from the placental bed was collected from 
two centres. Pregnancies of patients with a 
known history of recurrent miscarriage were 
monitored by weekly ultrasound scanning and 
human chorionic gonadotropin (hCG) assays 
to assess the viability of their current pregnan- 
cies* When either an anembryonic pregnancy ox 
an intrauterine death was diagnosed, these preg- 
nancies were terminated using appropriate 
methods and placental bed tissue was obtained 
by curettage immediately before the termina- 
tion. Under anaesthetic and with the patient's 
bladder full, an ATL MklOO sector scanner was 
used to locate the decidua basalis. A small 
curette was guided under ultrasound control to 
the site where the placenta appeared to be 
localising and several strips of tissue were taken 
to try to include the placental bed. This tech- 
nique was used when the pregnancy was intact. 
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Fig, 1. Placental bed from a norma] pregnancy at ft weeks gestation (patient 2): the 
deddua basaiis is overrun by Interstitial trophoblast and three cut* through a spiral 
(uteroplacental) artery show physiological change*. HE x. 75. 



In incomplete miscarriages, strips of curetting* 
were taken from several sites. Placental bed 
ti&s-ue was similarly obiained from patients 
undergoing induced abortions. Biopsies of the 
placental bed were attempted in 21 cases and 
proved on histological examination to be from 
the placental bed in 16 (769fc). 



Portents 

The clinical details of these 16 women are listed 
In Table 1. Four of them constitute a comparison 
group comprising three patients having induced 
abortions with presumed f nonnar pregnancies 
and one patient who miscarried due to cervical 




Fi* 2. Placental bed from ft mUcarrlege at 16 weeks gestation as a resuh of an 
Incompetent cervix (patient A)i a myometrial segment <tf a maternal uteroplacental 
artery showing (arrow) physiological change* with eudovascular tropboblast embedded 
within its wall (small arrows) and surrounding interstitial irophoblast. HE x 190. 
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Fig. 3* Decidua basalts of a missed miscarriage at 10 weeks gestation (patient 10): a leash 
of maternal spiral arteries not showing any physiological vascular changes with resultant 
narrower lumens. Note placenta! bed giant cells (arrowed), he x 120. 



incompetence. The other 12 women constitute 
the study group and include women with recur- 
rent miscarriages and those who miscarried for 
che first time, arranged in order of increasing 
number of previous miscarriages. 

The placental bed tissue was placed in forma]* 
saline and subsequently processed by standard 
methods. Sections were stained with haema- 
toxylin and eosin (HE) and examined (T.Y.K. 
and W.B.R.) in ignorance of the clinical details. 

Fetal tissues were submitted for culture for 
chromosomal analyses. 

Results 

Piacental bed morphology 

Comparison group. In each of the three induced 
abortions of apparently normal pregnancies 
during the first 'trimester, the placental bed 
showed normal development of the utero- 
placental vasculature with physiological changes 
in the decidual segments of all spiral arteries 
seen. The physiological vascular changes 
(Brosens etal 1967) are characterized by a loss 
of the normal musculo-elastic tissue from the 
wall of the arteries and deposition of fibrinoid 
material in which endovascular tropho blast is 
embedded (Fig, 1). In the second trimester mis- 
carriage due to an incompetent cervix, there was 
normal placentation with appropriate develop- 



ment of the uteroplacental (spiral) arteries m 
decidual and myometrial segments (Fig, 2), 
Study group. There were seven missed miscar- 
riages in the first trimester, two missed miscar- 
riages and three miscarriages in the second 
trimester. In two first-trimester and all five 
second-trimester miscarriages, the utero- 
placental vasculature was inadequately devel- 
oped in that some spiral arteries in the placental 
bed showed preservation of musculo- elastic 
tissue with no evidence of involvement with 
migratory extravlllous trophoblast in the dedd- 
ual segments in the first trimester miscarriages, 
and in the decidual and myometrial segments in 
second trimester miscarriages (Figs 3 and 4). 
Pour of the other five first-trimester miscarriages 
had normally developed physiological changes 
in the decidual segments of the placental bed 
spiral arteries- In the remaining case no mater- 
nal spiral arteries were seen for assessment of 
the development of the uteroplacental vascula. 
ture but there was a paucity of migratory intersti- 
tial trophoblast in the decidua despite the 
presence of plentiful anchoring villi (Pig. 5). 
One woman (no. 9) had two earlier pregnancies 
that were complicated by pre-eclampsia and 
intrauterine death in the late second trimester. 
In her current pregnancy, acute atherotic lesions 
were seen in decidual segments of the spiral 
arteries (Fig. 6). Acute atherosis was not seen in 
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Fig. 4. Placental bed from miscarriage at 16 weeks gestation (patient 13): myomeirial 
segments of spiral arteries without physiological vwcular change?; surrounding intersti- 
tial tiephoblast indicate placental bed. HE x 120. 



the curetted material from the other patients in 
(his category. 

Chromosomal studies 

Chromosomal analysis was successful in nine of 
the 10 attempts. There were three chromosomal 
Abnormalities, one of which was associated with 



inadequate placentation. There was no correla- 
tion between the normality or abnormality of the 
chromosomal pattern and the norma! develop- 
ment or otherwise of the uteroplacental vascula- 
ture. Although the numbers are too small for 
statistical analysis, it would appear that an 
abnormal uteroplacental vasculature is no mora 
likely to be associated with chromosomally 




Tig. S. Placental bed biopsy from missed miscarriage at 10 weeks gestation (patient 5): 
there Is a paucity of migratory interstitial trophobfcst in the deadua despite the presence 
of anchoring villi with a thick rim oi cyiotrophobUst (arrow). HE x 220. 
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Fig, 6, Missed miscarriage at 25 weeks gestation which was complicated by pre- 
eclampsia (patient 9): aeute atherosis is seen in a decidual artery. HE x 190. 



defective fetuses than with chromosomaUy 
normal fetuses. 

The pattern of extraviilous trophoblast migra- 
tion end the temporal and spatial relation of 
$pkai arterial changes in the placental bed of 
normal human pregnancy have now been well 
documented (Pijnenborg et at. 1980, 1981, 
1983). Physiological vascular changes are 
normally well under way in the decidual seg- 
ments of the spiral arteries by 5 weeks gestation 
and are completed in essentials by the end of the 
first trimester (Pijnenborg et al. 1980). Similar 
maternal vascular adaptations are normally initi- 
aled in the myom t trial segments of the utero* 
placental (spiral) arteries by 16 weeire gestation 
(Frjnenborg ei cl. 1933). We have used the ftnd- 
mgs of these studies as the pattern for normal 
pregnancies and this pattern of vascular changes 
w*s found in our three presumed normal preg- 
nancies which were terminated and in the 
patient who miscarried at 16 weeks gestation 
apparently as a result of an incompetent cervix. 
These vascular adaptive changes were not 
observed in two of the seven first-trimester and 
in none of the five second-trimester miscarriages 
in the study group, taking into consideration the 
expected vascular changes at the corresponding 
gestational ages when these miscarriages 
occurred. The argument that these adaptive 



changes would be present had the pregnancies 
proceeded longer is not tenable as the abnormal 
vasculature differed too much temporally and 
topographically from the normal. Nor is it valid 
to argue that there is no further development of 
the uteroplacental vasculature after death of the 
fetus because there is no longer a need for an 
increasing blood supply; the fetuses in three of 
the second trimester miscarriages were Hlive up 
to the time of the miscarriage, yet with inade^ 
quale maternal vascular adaptation, 

The only apparent exceptions to the finding of 
an inadequate maternal vascular response to 
placentation were in four of the Eve missed mis- 
carriages without apparent fetuses, the so-called 
anembryonic coneeptuses. There are two poss- 
ible explanations for this finding. First, such 
pregnancies if left alone would eventually be 
expelled from the uterus or, in a proportion of 
cases, evolve into moJar or pseudomolar preg* 
nancies and it is possible that had these four 
pregnancies continued into the second trimester 
that transformation of the myome trial segment? 
of the uteroplacental arteries would not have 
occurred. Second* it is possible that only part of 
the developing placental bed is abnormally 
affected and, because only biopsy material was 
studied, 'false normal' findings are more likely 
than 'false abnormal but this would be difficult 
to validate without hysterectomy specimens. 

It is of interest that one of our patients devel- 
oped preeclampsia as early as 25 weeks. The 
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characteristic vasculopathy, acute athetosis, was 
i seen an the biopsy but was noticeably absent in 
' the other case* although the occurrence of this 
! vascular legion has been claimed in miscarriages 
1 by other authors (Nadji & Sommers 1973; 
J UohtkgetaL 1985). * 
i Our present study has demonstrated defective 
\ haermochorial placentation in association with 
! miscsrriage, whether of the recurrent or the spo- 
1 radic type. Inadequate haemochorial placenta- 
] tion has been documented also in pregnancies 
I complicated by pre-eclaropsja and by un&IMbr- 
! gestational-age (SOA) infants (Brosens et etl 
i 1972; Khong et al. 1986) indicating that ail these 
j pregnancy disorders share a common mor- 
i phc>Iogicat feature in the placental bed and con- 
J sritute a continuum* of pregnancy failure 
(Redman et el> 1984; Reginald et aL 1987). 
However, the aetiologies of miscarriage, pre- 
| eclampsia and SOA infants and the patho- 
geneses of a common form of defective placenta* 
tion may differ. Insofar aB miscarriage is 
concerned, it would seem that a failure of 
accommodation between the two genetically dis- 
{ similar tissues could be a potent factor in pre- 
cipitating the catastrophev Whether defective 
haemochorial placentation or a chromosomal 
abnormality is the more important factor in the 
aetiology of miscarriage remains to be deter- 
mined but it is possible that they have a synergis- 
tic or sn additive effect. 
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Summary. The morphology of the placental bed in idiopathic sporadic 
and recurrent miscarriages was studied and the findings correlated with 
the fetal chromosomal pattern where possible. Defective development 
of haeinochorial plaeentation, which was not necessarily linked with 
fetal chromosomal abnormality, was seen in association with some 
miscarriages* These preliminary results, not previously demonstrated, 
strongly support the concept that miscarriages and pregnancies compli- 
cated by pre-ectempsfa and/or smaMor-gest&tional-age infants may be 
a continuum of disorders with a similar pathology in the placental bed. 



M&ny factors are likely to beresponsibleformis- 
carriages, most of which are non-reounenc, and 
although chromosomal abnormalities ait one of 
the most important, their reported occurrence icj 
yni5CDTria8esisonIyaboet50%(Beuee*^ 1985). 
ft rthermore, there is the occasional fetus with a 
chromosomal abnormality which is not misw 
ricd bat attains viability. Causes must be sought 
for cbe remaining 50% or more of miscarriages 
unassorted with chromosomal delects. 

It bss been suggested that defective placenta* 
twn may be of crucial import in miscarriage 
(Robertson 1976; Robertson etcL I985),but this 
idea has never been fully investigated. 
Haemocborial piacentation is established in the 
placental bed where the two genetically dissimi- 
lar maternal and fetal tissues intermingle inti- 
mately. If defective placentatioi? is an important, 
factor underlying miscarriage, it would be 
expected to be found more frequently in those 
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woman with a history of unexplained recurrent 
miscarriages. We therefore report what we 
Relieve is the first smdy of die pathology of the 
placental bed in recurrent miscarriages and in 
idiopathic sporadic miscarriages with correla- 
tion, where possible, with cytogenetic studies of 
the fetal tissues. 



Materials and methods 

MatervAs 

Tissue from the placental bed was collected from 
two centres. Pregnancies of patients with a 
known history of recurrent miscarriage were 
monitored by weekly ultrasound scanning and 
human chorionic gonadotropin (hCG) assays 
to assess the viability of thdr current pregnan- 
cies. When either an anembryonlc pregnancy or 
an intrauterine death was diagnosed, these preg- 
nancies were terminated u9tug appropriate 
methods and placental bed tissue was obtained 
by curettage immediately before the termina- 
tion. Under anaesthetic and with the patient's 
bladder tall, an AIL MklDO sector scanner was 
used to locate the deddua basatis* A small 
curette was guided under ultrasound control to 
the site where the placenta appeared to be 
localizing and several strips of tissue were taken 
to try to include the placental bed. This tech- 
nique was used when the pregnancy was intact 
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F&, 1, Placental bed from a normal pregnancy at ft weeks gestation (patent 2): the 
tiectdue basalts is overrun by Interstitial eraphobtot and three cutt « ap** 1 

(uteroplacental) artery show pfcysiofogteal ehMge». HE X 75. 



In incomplete miscarriages, strips of awetttags 
wexe taken from several site*. Placental bed 
tfcsae was similarly obtained fawn patten* 
undergoing induced abortions. Biopsies of the 
placental bed were attempted in 21 cases and 
proved on histological examination to be from 
rhe placenta] bed in 16 



The clinical details of these 16 women are listed 
in Table L Pouroftnem constitute a comparison 
{roup comprising three patients having induced 
abortions with presumed 'normal 1 pregnancies 
and one patient who miscarried due to cervical 




Fl* & Placental bed from a «M W « 16 weeks gestation as e ^ of an 
Incompetent cervix (patient 4)i a myometrial segment of a maternal uteropiweMai 
artery showing (arrow) phyrtoicgicel chenjw with eodmaslar twp* 0 ^ J 1 ™^ 
within its waH (small arrow) and surrounding tatenddal trophoblast. me x iw. 
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F!g. 3, Deeloua ba sails of a mi*s=d miscarriage at JO weeks gestation (patient lfl>: a Jem* 
of matwnaJ spiral erttrie* not ?lwvrt 

aarrowor lumens, Note placental bedgjani eeih (snowed), HE K ISO. 



incompetence. The other 12 women constitute 
the study group and include women with recur- 
rent miscarriages and those who miscarried for 
che first time, arranged in order of increasing 
number of previous miscarriages. 

The placental bed tissue was placed to forma]* 
saline and subsequently processed by standard 
methods* Sections were stained with baenrc- 
toxylia and eosin (HE) and examined CT.Y.K. 
and W.B,R.) in ignorance of the cfinical details. 

Fetal tissues were submitted for culture for 
chromosomal analyses. 

Results 

Placental bed morphology 

Comparison group. In each of the three induced 
abortions of apparently normal pregnancies 
during the first trimester, the placental bed 
showed normal development of the utero- 
placental vasculature with physiological changes 
in the decidual segments of all spiral arteries 
seen. The physiological vascular changes 
(Brosens et al 1967) are characterized by a loss 
of the normal musculo-elastic tissue from the 
wan of the arteries and deposition of fibrinoid 
material in which endovascular trophoblast is 
embedded (Fig. 1). In the second trimester mis- 
carriage due to an incompetent cervix, there was 
normal plaeentatton with appropriate develop- 



ment Of the uteroplacental (spiral) arteries in 
decidual and myometrial segments (Fig. 2). 
Study group. There were seven missed miscar- 
riages in the first trimester, two missed miscar- 
riages and three miscarriages in the second 
trimester. In two first-trimester and all five 
second-trimester miscarriages, the utero- 
placental vasculature was inadequately devel- 
oped in that some spiral arteries in the placenta) 
bed showed preservation of muscuio-elastic 
tissue with no evidence of involvement with 
migratory extravillous trophoblast in the decid- 
ual segments in the first trimester miscarriages, 
and in the decidual and myometrial segments in 
second trimester miscarriages (Figs 3 and 4). 
Four of the other five first-trimester miscarriages 
had normally developed phyriologjcal changes 
in the decidual segments of the placental bed 
spiral arteries. In the remaining case no mater- 
nal spiral arteries were seen for assessment of 
the development of the uteroplacental vascula- 
ture but there was apaudty of migratory intersti- 
tial trophoblast in the decidua despite the 
presence of plentiful anchoring villi (Fig. 5). 
One woman (no. 9) had two earlier pregnancies 
that were complicated by preeclampsia and 
intrauterine death in the late second trimester, 
in her current pregnancy, acute athexotic lesions 
were seen in decidual segments of the spiral 
arteries (Fig. 6). Acute athetosis was not seen in 
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Ffe, 4. Placental bed from miseanrJage at 16 weeks swurtfon (patient 15); myometiiat 
segments of spiral arteries without physiological vascuUr dwngw; ionotmdin8 fotewti- 
rial trophoblast indicate placental bed. HE x 120, 



the curetted material from the other patents in 
this category. 

Chromosomal studies 

Chromosomal analysis was successful in nine of 
the 10 attempts. There were three chromosomal 
abnormalities, one of which was associated with 



inadequate placentattofl. There was no correla- 
tion between (he normality oj abnormality of the 
chromosomal patters and the normal develop- 
xnent or otherwise of the uteroplacental vascula- 
ture, Although the nurobew are too small for 
Statistical analysis, it would appear that an 
abnormal uteroplacental vasculature is no more 
likely to be associated with chroraosomaUy 





Rg. 5. Placental bed biopsy from miased miscarriage at \9 weeks gestation (patient S): 
there ls& pauciiy of migratory imerstttel trophobtanin thedeciduadesp&e the presence 
of anchoring villi whh a tblcH rim of cywwophcblalt (amw). HS * 130. 
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Fig, e. Missed miscarriage at 25 weeks gestation which w explicated by pre- 
eclampsia (patient 0): acute athsresis is seen in a decidual artery, HB x 190. 



defective fetuses than with cfcromosomally 
normal fetuses. 

Discussion 

The pattern of extraviiious trophoblast migra- 
tion and the temporal and spatfol relation of 
spiral arterial changes in the placental bed of 
normal human pregnancy have now been welt 
documented (Pijnenborg et ai. 1980, 1981, 
1983). Physiological vascular changes are 
normally well under way in the decidual seg- 
ments of the spiral arteries by 8 weeks gestation 
and era completed to essentials by the end of the 
first trimester (Pijnenborg « aL 1980). Similar 
maternal vescutaradaptations are normally initi- 
ated in the myometrial segments of the utero- 
placental (spiral) arteries by 16 weete gestation 
(Fijaenborg ei d. 1933). We have used the fad- 
ings of these studies as the pattern for normal 
pregnancies and this pattern of vascular changes 
was found in our three presumed normal preg- 
nancies which were terminated and in the 
patient who miscarried at 16 weeks gestation 
Apparently as a result of en incompetent cervix. 
These vascular adaptive changes were not 
observed in two of the seven first-trimester and 
in none of the five second-trimester miscarriages 
in the study group, taking Into consideration the 
expected vascular changes at the corresponding 
gestational ages when these miscarriages 
occurred. Die argument that these adaptive 



changes would be present had the pregnancies 
proceeded longer is not tenable as the abnormal 
vasculature differed too much temporally and 
topographically from the normal. Nor is it valid 
to argue that there is no further development of 
the uteroplacental vasculature after death of the 
fetus because there is no longer a need for an 
increasing blood supply; the fetuses in three of 
the second trimester miscarriages were alive up 
to the time of the miscarriage, yet with inade- 
quate maternal vascular adaptation, 

The only apparent exceptions to the finding of 
an inadequate maternal vascular response to 
placentation were in four of the five missed mis- 
carriages without apparent fetuses , the so-called 
ancmbryonfc conceptuses. There are two poss- 
ible explanations for this finding- First, such 
pregnancies if left alone would eventually be 
expelled from the uterus or, in a proportion of 
cases* evolve into moJar or pseudomolar preg* 
nancies and it is possible that had these four 
pregnancies continued into the second trimester 
that transformation of the myometrial segments 
of the uteroplacental arteries would not have 
occurred. Second, it Is possible that only part of 
the developing placental bed is abnormally 
affected and, because only biopsy material was 
studied, 'false normal* findings are more likely 
than 'false abnormals' but this would be difficult 
to validate without hysterectomy specimens. 

Xt is of interest that one of our patients devel- 
oped pre-eelampsia as early as 25 weeks* The 
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characteristic vaswlopathy, acute atherosis, was 
<een iti the biopsy but was noticeably absent in 
tte other cases although the occurrence of this 
vascular lesion has been claimed in miscarriages 
^ other authors (Nadji & Sommers 1973; 

Our present study has demonstrated defective 
fcaemochorial placentadoa in association* with 
miscarriage, whether of the recurrent or the spo- 
radio type. Inadequate haemochorial plaeenta- 
tion has been documented also In pregnancies 
complicated by pre-eclampsia and by amalMbr* 
gestatJonal-age (SGA) intents (Broseas «r «L 
1972; Kfcong etcd. 1986) indicating that afl these 
pregnancy disorders share a common moi> 
phcioglcal feature in the placental bed and con- 
stitute a continuum' of pregnane failure 
(Redman et cd. 1984; Reginald et al. 1987). 
However,, the aetiologies of miscarriage, pre- 
eclampsia and SGA infants and the patho- 
geneses of a common form of defective placenta- 
tion may differ. Insofar as miscarriage is 
concerned, it would seem that a feihire of 
accommodationbotween the two genetically dis- 
similar tissues could be a potent factor in pre- 
cipitating the catastrophe* Whether defective 
haeniochorial placentatJon or a chromosomal 
abnormality is the mare important flactor in the 
aetiology of miscarriage remains to be deter- 
mined but it is possible that they have a synergis- 
tic or eri additive effect. 
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Direct suppression of cytolytic effector cell function by cells of the placenta may represent 
one mechanism that protects the "fetal allograft" from rejection by maternal transplantation 
immunity. Collagenase disaggregated murine placental cells block target cell lysis by natural 
killer, lymphokine-activated killer, and (CTLMype killer cells. This inhibition is reversible and 
noncompetitive, similar to a previously described inhibitor of CTL found in spleens of mice 
undergoing an acute graft vs host (G VH) response. Velocity sedimentation separation of placen- 
tal cells shows that the inhibitory activity is primarily associated with cells that cosediment with 
nucleated fetal erythrocytes. When these erythrocytes were lysed, an increased number of non- 
erythrocytic cells could be separated and under this circumstance, inhibitory activity was seen 
in association with either small white cells or fetal erythrocytes and with large white cells. There 
may be several cell populations in murine placenta that can inhibit cytolytic effector cells. The 
possible relevance of direct placental inhibition of cytolytic effectors to protection of the "fetal 

allograft" is discussed. © 1986 Academic Press. Inc. 



INTRODUCTION 

The mechanisms explaining no n rejection of the antigen-bearing fetus by the 
mother during pregnancy appear to lie at the maternofetal interface ( I ). There is little 
evidence for systemic immunosuppression sufficient to block immune rejection of 
infectious agents, tumor allografts, or skin allografts in pregnant females, and allospe- 
cific suppressor T cells and "blocking" antibodies that may arise as a consequence of 
successful pregnancy lack sufficient potency to fully prevent a primary or second-set 
allograft rejection (2, 3). In contrast, allografts placed at the choriodecidual junction 
at the intrauterine implantation site enjoy prolonged survival. This local protection 
occurs even in allosensitized hosts provided there has been a prior pregnancy, an 
observation that has been interpreted as showing a synergy between local intrauterine 
suppressor mechanisms and systemic immunological events (4), 

It has generally been held that fetal trophoblast cells (chorionic tissue) play a key 
role in the immunological events at the maternofetal interface. Even though some 
fetal trophoblast subpopulations may express Class I paternal major histocompatibil- 
ity complex (MHC) determinants, trophoblast-lymphocyte cross-reactive antigens, 
trophoblast-specific antigens, oncofetal antigens, and natural killer (NK)-recognition 
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structures (5, 6), the trophoblast cells resist lysis by NK cells and by cytotoxic T lym- 
phocytes (CTL) in vitro and in vivo. When there is apparent fetal rejection with an 
associated infiltrate of maternal cytotoxic cells, these effectors appear to first pass 
through or between the trophoblast without causing overt lysis (7). In murine models 
of spontaneous abortion associated with maternal lymphocytic infiltration, a com- 
mon feature is a local deficiency of nonspecific suppressor cells; from such cells one 
can obtain a soluble factor that inhibits the response to interleukin 2 (IL-2) (8-10). 
Since these suppressor cells appear to be activated or recruited by trophoblast cells 
(11, 12), one mechanism by which trophoblast may protect the embryo from mater- 
nal cytotoxic cell attack is by recruiting and maintaining a suppressor population that 
prevents the maternal effectors from receiving the IL-2-dependent "help" that they 
need to proliferate and remain actively cytolytic. NK cells, lymphokine-activated 
killer (LAK) cells, and specific CTL may all be included among the effector cell popu- 
lation. 

A second mechanism that has been postulated by which trophoblast may protect 
the fetus and itself from being attacked effectively is direct suppression of cytolytic 
effector cells (13). CTL, NK activity, and antibody-dependent cytotoxic (ADCC) 
effector cells all appear to be inhibitable by collagenase-digested murine placental 
cells. The mechanism of this inhibition has not been completely elucidated (13, 14). 
Although supernatants from placental cells can cause NK effector cell inhibition if 
the supernatants are first concentrated on an Amicon membrane ( 1 5), a cold-target 
inhibitory mechanism (which could be mediated by soluble ligand) has not been com- 
pletely excluded. Further, the nature of the inhibitory cell in the crude placental cell 
digests has not been defined so that it has not been possible to prove that it is the 
trophoblast ceils themselves that are the inhibitors. 

In this paper we show that murine placental cells can inhibit the lytic activity of 
NK, LAK, and CTL effector cells in a reversible and noncompetitive manner. Cell 
separation studies show that the suppressive activity in crude placental digests cosedi- 
ments at unit gravity with nucleated erythrocytes (fetal red cells) in the placenta. 
When these erythrocytes are depleted, inhibitory activity associated with larger sized 
(and also possibly some smaller sized) white nucleated cells can be demonstrated. 
Thus, several types of placental cells may be capable of suppressing effector cell activ- 
ity of which large-sized trophoblast cells may be one subset 



MATERIALS AND METHODS 

Mice, C3H/HeJ, Balb/c, Balb/c nu/nu. allopregnant (14- to 16-day) C3H mated to 
DBA/2, and synpregnant C3H mated to C3H were obtained from the IRCS breeding 
facility at Villejuif 

Preparation of placental cells. Placentae from pregnant mice were carefully peeled 
from the uterine decidua and the fetus and fetal membranes were removed by dissec- 
tion. The placentae were then minced with scissors and incubated with Sigma Type 
Vcollagenase(l mg/ml)inRPMI 1 640 or a-minimal essential medium (MEM) sup- 
plemented also as to contain 1 0% fetal bovine serum (FBS) (GIBCO), 1 00 iu/ml peni- 
cillin, and 100 /ig/ml streptomycin. After 1 hr at 37°C, the placental fragments were 
pressed gently through a stainless steel screen, washed, and counted in 0.4% trypan 
blue. In some experiments, the fetal erythrocytes were lysed by resuspension in 0.9% 
Tris-NH 4 Cl at 4°C and were then spun down at 1000 rpm at 4*C, resuspended in 
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RPMI 1640 without FBS, recentrifuged, and washed once in regular serum-contain- 
ing medium. Velocity sedimentation separation was carried out at 4°C using a STA- 
PUT apparatus (John's Scientific, Toronto, Ontario, Canada) for 2 hr in a linear- 
step gradient of bovine serum albumen (BSA) in phosphate-buffered saline (PBS) as 
described in detail elsewhere ( 1 6). 

Effector cells and cytotoxicity assays. NFL cell activity was obtained from Balb/c 
nu/nu spleen cells. Single cells suspensions were prepared by homogenizing the 
spleens in tissue culture medium with 10% FBS in Kontes glass horriogenizers. LAKs 
were prepared by incubating 1 X 10 6 /ml C3H spleen cells in a-MEM + 10% FBS 
+ antibiotics + 5 X 10~ s M 2-mercaptoethanoi (30 ml in a Falcon 30 1 3 flask set up 
on end) with phorbol myristate acetate (PMA)-stimulated EL-4 (CI 5 or Fl 5 lines) 
supernatant (interleukin 2 (IL-2) source). The IL-2 was kindly provided by Dr. J. P. 
Kolb. After 6 days at 37°C in 5% C0 2 , the cells were harvested, washed once, and 
resuspended in medium for testing. CTL were generated by incubating 3-4 X 10 6 
C3H spleen cells with 1 X 10 6 irradiated Balb/c spleen cells in a-MEM as described 
above in Falcon 2057 tubes for 4 to 5 days at 37°C 7% C0 2 . The effector cells were 
tested for their ability to lyse YAC-1 target cells. Briefly, the YAC-1 cells maintained 
in vitro were incubated with Na 2 51 Cr0 4 200 \iC\ for 45 to 60 min at 37°C and were 
then washed three times. Effector cells were added to 96-well V- or flat-bottom micro- 
trays containing labeled target cells along with placental cells or STA-PUT fraction- 
ated placental cells. Depending on the type of effector cells being tested, the assay was 
terminated after 4 to 20 hr by removing 100 y\ of supernatant for counting in an 
LKB autogamma. Total releasable isotope from the targets was determined by incu- 
bation in 4 NHCl, and spontaneous release was determined by incubating the YAC 
targets alone in medium. The percentage specific 5i Cr-release value was calculated 
from the standard formula 

P— 1009" X ^ cpm w * m en?ector ^lls " spontaneous) 
(cpm with HC1 — spontaneous) 

The mean and SEM were calculated from three to six replicate wells. 

Michaelis-Menten kinetic analysis. The lysis of target cells by cytolytic effector 
cells may be likened to the action of an enzyme on its substrate (17). In the case of 
the 5! Cr-release assay, the product of the action of the enzyme (killer cell) on the 
substrate (target cells) is target death and 51 Cr release released into the supernatant. 
It has been possible to analyze the mechanism of inhibition (competitive by cold 
targets vs noncompetitive) of allospecific CTL by varying the number of target cells 
added to a fixed number of effector cells and inhibitors and calculating the values 
for and K m , the Michaelis-Menten constant (17, 18). A similar analysis was 
performed using placental cells as inhibitors and nu/nu or CTL effectors to lyse the 
YAC targets. The values for V m sx and K m were determined by analysis of the relation- 
ship of the observed V (number of targets lysed during the assay) to S (substrate 
concentration — the number of live targets added at the start of the assay). Using a 
computer program for the nonparametric analytic method of Cornish-Bowden and 
Eisenthal (18,19) that provides 95% confidence intervals for the value of each param- 
eter. In pure competitive inhibition, is unchanged but K m increases in value 
whereas in pure noncompetitive inhibition, F max is reduced and K m remains un- 
changed. 
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NUMBER OF PLACENTAL CELLS ADDED PER WELL (x1(T 3 ) 



Fig. 1. Effect of C3D2F, placental cells on lysis of YAK targets, (a) 2.5 X 10 s Balb/c nu/nu spleen cells 
per well were used as a source of NK activity; (b) C3H spleen cells cultured in IL-2 for 6-7 days were used 
as a source of LAKs 5 X 10 3 /well; (c) C3H spleen cells sensitized to Balb/c cells for 4 days were used as a 
source of CTL, 5 X 1 0 5 /per well. Data represent mean specific 51 Cr release ± 1 SEM. Assays using NK cells 
were run 1 8-20 hr and with LAK and CTL, 4-5 hr. 



RESULTS 

Inhibition of cytolytic effector activity by placental cells. Figure 1 shows that placen- 
tal cells from C3D2Fi embryos produced a dose-dependent inhibition of NK activity 
(Fig, la), LAK killing (Fig. lb), and anti-H-2 d CTL (Fig. lc). In general, the onset of 
inhibition could be seen when the ratio of placental cells to cytolytic effectors was 
between 1:10 and 1:5. It has previously been shown that this inhibition is not likely 
due to nonspecific crowding since thymocytes, liver cells, and embryo cells lacked 
significant inhibitory effects at the concentrations and inhibitor-to-effector ratios 
shown in Fig. 1 (13). Thus, there seemed to be some tissue specificity to the potent 
inhibition produced by placental cells. An antigen-specific inhibition did not appear 
to be responsible since only CTL have antigen specificity in the classical sense and 
we found that C3H X C3H placental cells syngeneic to the CTL were also potent 
inhibitors of CTL lysis (14, data not shown). 

Inhibition of cytolysis is reversible and noncompetitive. Previous studies have 
shown that a non-T cell that inhibits lysis by CTL occurs in the spleens of mice under- 
going graft vs host (GVH) reactions and can also be found in the spleen during the 
CTL reaction following tumor allograft immunization ( 1 8). This inhibition was non- 
antigen specific, reversible on dilution of the mixture of CTL and inhibitor cells, and 
was noncompetitive. To determine if the placental inhibitor of killer cells behaved in 
a similar manner, mixtures of NK cells and placental cells or CTL and placental cells 
were serially diluted to create a titration curve. It can be readily seen that NK lytic 
activity (Fig. 2a) and CTL activity (Fig. 2b) were inhibited by admixed placental cells 
at the highest cell concentrations per well, but as the cells were serially diluted, the 
inhibitory effect decreased so that as much lysis was obtained at lower cytolytic 
effector-to-target ratios as in the absence of placental cell inhibitors. Therefore, pla- 
cental inhibition of lysis was reversible, similar to the previously described GVH- 
associated splenic inhibitor. 

To distinguish between competitive inhibition of lysis, as may be produced by un- 
labeled cells bearing target structures seen by cytolytic cells on the YAC-1 targets, 
and a noncompetitive inhibition, the number of labeled target cells was progressively 
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Fig. 2. Placental cells inhibit target cell lysis by a reversible noncompetitive mechanism, (a) Nu/nu spleen 
cells were tested alone (•) or with placental cells at a ratio of 1 :2 (□), 1 :4 (A), or 1 :8 (O), and serially diluted 
in flat-bottom assay wells. 51 Cr-labeled YAC targets were added and the supernatant was harvested after 
20 hr. (b) CTL were tested alone (•) or with admixed placental cells in a 1:1 (O), 1 :2 (□), or 1 :4 (A) ratio, 
(c) Nu/nu spleen cells 10* per well (•) or 10* per well with 0.25 X 10* placental cells (1:4 ratio) (A) were 
tested against 2 X 10 4 , 4 X 10\ or 8 X 10 4 target cells and the number of targets tysed in hours (V, velocity 
of reaction) was determined by multiplying the % 5I Cr-release value by the number of targets per well 
(S, substrate). The data are plotted using the Lineweaver-Burke double reciprocal method, and the values 
for K^and the Michael is- Men ten constant, were determined by computer analysis. For /m//w splen- 
ocytes alone (•), mean (and 95% confidence interval) was 554 1 6 (39942-70 104) whereas with placen- 
tal cells, y mtx was 36037 ( 1 5973-53605), P < 0.05. The respective K m values were 147933 (22601-235800) 
and 124688 (18288-699776), P = NS. (d) Similar to (c) except that CTL were used and target numbers 
were 2 X 1 0\ 4 X 10 4 , 8 X 1 0\ and 1 6 X 1 0 4 . The V m value for CTL alone (•) was 83226 (5311 4-89628); 
CTL + placental cells 1:2 (□), 39638 (30265-57930), P < 0.05; and CTL + placental cells 1:1 (O), 27018 
(18491^8248). Corresponding K m values were 154539 (97742-178488), 1 17466 (82003-214480), 
P = NS, and 1004 1 3 (48734-228928), P = NS. In both (c) and (d), only the was significantly reduced 
by placental cells and there was no increase in K m . 



increased in the assay wells. It was never possible by this method to obtain the same 
amount of lysis as was produced by the cytolytic cells alone. This is formally shown 
in the Lineweaver-Burke double reciprocal plots in Figs. 2c and 2d. The maximum 
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Fig. 3. Velocity sedimentation analysis of placental cells inhibiting target lysis by nu/nu splenic NK cells, 
(a) Separation of C3D3F| placental cell suspension. 1 X 10* nu/nu spleen cells were tested in an overnight 
5l Cr-release assay alone or with cells from each fraction equivalent to 2.5 X 10 5 unseparated nucleated red 
and white cells. Lysis by nu/nu alone was 21.9%. (b) Separation of placental cells after removal of nucleated 
erythrocytes with 0.9% Tris-NIHUCI. Lysis by nu/nu in absence of placental cells was 14%. Placental cells 
from each fraction equivalent to 2.5 X IO 5 unseparated cells were tested. (□), % suppression. 



lysis here is given by as determined by computer analysis of the data. The exact 
values are provided in the figure legend. It can be seen that placental cells decreased 
Knax without increasing K m , a pattern of inhibition which is noncompetitive and not 
due to cold target inhibition (18). 

Size of the placental cell responsible for inhibition of lysis by NK cells. Figure 3a 
shows the velocity sedimentation separation of collagenase-digested placental cells. 
It can be seen that erythrocytes and nucleated red blood cells (NRBC) were 10-100 
times more numerous than viable nucleated white cells. Indeed, in the 3 mm/hr frac- 
tion, it was not possible to recognize white cells in the hemocytometer count due to 
the overwhelming number of cells with red cytoplasm. Interestingly, the peak sup- 
pressor activity proved to be associated with small cells with a modal sedimentation 
velocity of 4 mm/hr rather than with "large" trophoblast cells. To study the properties 
of the nucleated white cells, it was necessary to deplete the suspension of erythrocytes 
and this was accomplished using 0.9% Tris-NH 4 C1. Figure 3b shows that a substantial 
increase in the number of viable nucleated white cells per fraction was achieved, but 
that a few cells typical of nucleated erythrocytes persisted as did a few adult erythro- 
cytes. There was a change in the distribution of suppressor activity. Suppression was 
reduced at 4 mm/hr but some activity at 4.5 mm/hr still could be seen. In contrast 
to Fig. 3a, however, there was now inhibitory activity at 1 mm/hr (which contains 
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mainly membrane fragments and dead cells) and activity at 9 and 13 mm/hr where 
only nucleated white cells could be seen. We concluded that nonerythroid cells and 
cell membranes were capable of inhibiting NK lytic activity. 

DISCUSSION 

The data in this paper confirm that murine placental cells can inhibit target lysis 
by a variety of cytolytic effector cells. The inhibition is noncompetitive and reversible. 
The nature of the placental cell responsible for inhibition of lysis was investigated 
using velocity sedimentation. It had been predicted that the inhibitor would be a large 
trophoblast cell, but the data using crude placental cell preparations showed that there 
were few nucleated white cells in the suspension and that the suppressive activity 
cosedimented with nucleated erythrocytes (NRBC or fetal red cells). When the NRBC 
were lysed, suppressive activity could be detected in other cell fractions, notably at 9 
and 13 mm/hr. Placental cells also produce a soluble factor that inhibits the genera- 
tion of CTL in vitro and a GVH in vivo and in a preliminary experiment, we have 
found this factor to derive from the 9 mm/hr cells (G. Chaouat and D. Clark, unpub- 
lished). Thus, we suspect that the large cells in placental digests may be trophoblast. 
It is, however, not formally possible to prove such an assertion since there are, as yet, 
no reagents that specifically distinguish murine trophoblast cells from nontropho- 
blast. Rossant and Croy (20) have shown that approximately 1 5% of the "spongiotro- 
phoblast" cells in the mouse placenta are maternally derived, and Zuckerman has 
shown that Percoll-purified murine trophoblast cells are large in size and produce 
cold target inhibition that is antigen specific (21). Thus, the inhibition shown using 
placental cells syngeneic and allogeneic to the effector cells may not be due primarily 
to trophoblast cells (14). One potential caveat arises from the fact that Zuckerman 
dispersed his placental cells with dispase rather than coilagenase and we have found 
that certain types of enzymes including dispase can destroy nonspecific suppressor 
activity (13, 14, manuscript in preparation). Further, large-sized non-T cells with 
nonspecific suppressive activity against CTL can occur in the spleens of alloimmu- 
nized adult mice ( 1 8). It is possible that similar cells may infiltrate the placenta during 
pregnancy. Since such cells should express maternal but not paternal MHC determi- 
nants, it may be possible to detect inhibitors of maternal origin. These experiments 
have not yet been completed. The 4 mm/hr inhibitory cells are also as yet unidenti- 
fied. When NRBC were lysed, the magnitude of suppression at 4 mm/hr compared 
to cells of other sizes decreased (Fig. 3b). Nevertheless, some fetal red cells persisted 
in this part of the STA-PUT profile. These findings suggest that fetal erythrocytes 
may be responsible for the majority of the suppression in unseparated placental cell 
suspensions. However, in Fig. 3b a decrease in suppression occurred at 3 mm/hr 
compared to 4 mm/hr unassociated with any change in the number of fetal red ceils 
whereas viable nucleated cell numbers decreased. Kolb et al (14) isolated fetal red 
cells using Ficoll gradients and could document no significant suppressive activity. 
Taken together, these data suggest that if fetal red cells act as inhibitors of lysis, a 
subpopulation must be responsible. One cannot exclude the possibility that a very 
potent nucleated white cell at 4 mm/hr may be primarily responsible. Cell sorting 
using a fluorescence-activated cell sorter (FACS) will likely be needed to conclusively 
establish the nature of the suppressor cell population that sediments at 4 mm/hr. 
Further studies will also be needed to determine if a nucleated white cell suppressor 
at 4 mm/hr is of fetal or maternal origin. 
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The velocity sedimentation profile suggests that membrane fragments can have 
some suppressive activity. The origin of these fragments is unknown, but NRBC have 
likely contributed. It is interesting that membrane fragments prepared from the 
spleens of mice undergoing a GVH reaction retained suppressive activity for CTL 
( 1 8). A soluble factor can be obtained that blocks effector cell activity, and the placen 
tal inhibitor appears to contain carbohydrate (22). Interestingly, Pimlott and Miller 
have recently shown that certain types of glycopeptide extracts of membranes can 
block the recognition of targets by CTL (23), but these extracts showed MHC speci- 
ficity unlike the inhibitory effect of placental suppressors. 

There is some information to suggest that suppression of cytolytic effector activity 
by placental cells may be biologically significant. It had been previously shown that 
CBA X DBA/2 fetuses with a tendency to spontaneously abort could be "rescued" 
by vaccination of the mother with Balb/c cells and that this elimination of abortion 
proneness was associated with a greater ability of the placental cells to inhibit cytolytic 
effector activity. Mus caroli embryos placed in the uterus of M. musculus recipients 
are almost invariably aborted before Day 15.5 of pregnancy whereas M. musculus 
embryos were not so rapidly destroyed when gestated in the M. caroli uterus (25). 
The nonreciprocal nature of this system may in part by due to the occurrence of 
preexisting sensitization to Af. caroli antigens in M. musculus recipients (26). In addi- 
tion, trophoblast does not seem to be able to recruit decidua-associated suppressor 
cells across the species barrier (1 1, 12). However, a third factor that may be important 
is a relative deficiency in the ability of the M caroli placental cells to inhibit CTL and 
LAK (26) and NK cell effector activity (unpublished data). This deficiency is similar 
in magnitude to that seen in abortion-prone CBA X DBA/2 F, placentae (24). Defin- 
itive identification of the origin and type of suppressor in the placental cell suspension 
will be needed to fully evaluate the possible significance of these findings in intra- and 
interspecies pregnancy failure. 

Great emphasis has been placed on the resistance of trophoblast cells to cytolysis 
by effector cells in explaining the mechanism of fetal protection at the maternofetal 
interface ( 1 3). However, as already noted, in models of spontaneous abortion, mater- 
nal lymphoid cells appear to traverse the trophoblast without lysing it (7). These ob- 
servations imply that lysis of trophoblast cells may not be essential for abortion. An 
interesting parallel is the ability of sensitized lymphocytes to traverse the blood-brain 
barrier whereas immunocompetent but unsensitized lymphocytes fail to do so (27). 
A further piece of evidence that resistance of putative trophoblast cells to lysis is 
independent of their putative ability to inhibit lysis by NK cells comes from the find- 
ing that trypsinization that eliminates the ability of placental cell trophoblast to block 
lysis by NK cells does not render them susceptible to lysis by murine, rat, or human 
NK activity (14, unpublished data). Further, it is of interest that several murine tera- 
tocarcinoma cell lines that produce CTL and NK inhibitory factor are nonetheless 
rejected in vivo (28). Whether trophoblast cells become susceptible to CTL or LAK 
lysis is unclear in part because there is no method yet available to determine if it is 
actually trophoblast cells that are being lysed in trypsin-treated placental cell suspen- 
sions (7). However, both the recruitment of decidua-associated suppressor activity 
and the direct inhibition of effector cells, perhaps by an action on their surface proper- 
ties or motility, represent potential functional effects of trophoblast cells (that would 
inhibit lytic activity). If these functions of trophoblast were disturbed, without having 
to lyse the trophoblast cells, there would nonetheless be a breakdown of defences 
against maternal effector mechanisms. Whether such a dysfunction in trophoblast is 
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Table 2. Induction offetal resorptions (no. viable, no. resorbing) in mice by human recombinant TNF-a 

Treated 



Exp. 


Mating 
combination 


Control mice, 
% resorptions 


Days of 
injection 


Resorption 


Days of 
injection 


% 

Resorption 


Days of 
injection 


% 

Resorption 


1 (lOOOUnits)t 


CBA x DBA/2 
CBA x BALB/c 
C3H x DBA/2 


43(12, 19) 
. 7 (26, 2) 
. 5 (34, 2) 


7-5 
7-5 
7-5 


79 (6,22)* 
89 (5,39)* 
47(15, 17)* 










2(1000 Units)$ 


CBA x DBA/2 


36 (39, 22) 


0-5 
5-5 
9-5 
1 3 5 


31 (43, 19) 
67(22,45)* 
88 (8,58)* 
52(35,38) 


3-5 
7-5 

10-5 . 

17-5 


83 (6,30)* 
83(11,55)* 
75(1.4,43)* 
47(30,27) 






3 

1000 Unitst 
2000 Unitst 
3000 Unitst 


CBA x DBA/2 


39(33,21) . 


7-5 
7-5 
■7-5 


89 (5i41)* 
100 (0,42)* 
100 (0,48)* 


13-5 
13-5 
L3 5 


60(18,26)* 
94 (3,45)* 
59 (25,36)* 


17 5 
17-5 
17-5 


51 (28,29) 
57 (22, 29) ■ , 
85 (8,45)* 



trilled Day 14-5. 

JKilled Day 12 (injections on Days 0-5-10-5), Day 17 (injections on Day 13-5) or Day 19-5 (injections on Day 17;5). 
*P < 0 05 compared with control value for that Exp. 
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Table 5. Reduction of CBA x DBA/2 fetal resorption (no. viable, no. resorbing) by purified murine GM-CSF from P338 Dl 









Control mice. 






Treated micef 








Exp. 


Mating 
combination 


% 

Resorbing 


Placental 
wt (mg) 


Fetal 
wt (mg) 


Treatment} 


% 

Resorbing 


Placental 
. wt(mg) 


Fetal 
wt(mg) .. 


■p 
O 


1 


CBA x DBA/2 
CBA x BALB/c 


47 (27, 24) 
8(37,3) . 


95 
138 


118 

211 . 


GM-CSF400 


8(44,4)* 


. 136* 


209* 


2 


CBA x DBA/2 


37(17, 10) 






PBS 

GM-CSF200 ; 


5! (15, 6) 
7(29,2)*. 






iouat 


3 1 


CBA x DBA/2 


38(26, 16) 






GM-CSF200 . 
GM-CSF400 
GM-CSF 1000 
GM-CSF2500 


17(38,8)* 
24 (32, 10)* 
32(27, 13) 
53(18,20) 






■ ■ cv 



fKilledonDay 14-5. 

fGM-CSF injected on Days 6-5, 8-5 and 10-5 at dose indicated. 
*P < 0*05 compared with controls. 



Table 6. Reduction of CBA x DBA/2 fetal resorption (no. viable, no. resorbing) by recombinant murine and human GM-CSF 







Con 


trol mice 






Trea ted micef 














Spongio- 










Spongio- 






Plac. 


Fetal 


trophoblast 






Plac. 


Fetal 


trophoblast 


Mating 


. % 


wt 


wt 


width 




. % 


• wt 


wt' 


width 


Exp. combination 


Resorbing 


(mg) 


(mg) 


(mm x 10" ■) 


Treatment^ 


Resorbing 


(mg) 


(mg) 


(mm x 10" ') 


1 CBA x DBA/2 
. < CBA x BALB/c 


52(14, 13) 


102 


122 


24-8 


GM-CSF from P338 D1 
R murine GM-CSF 
R murine GM-CSF 


24(41, 13)* 
30(33, 14)* 
17(24,5)* 


140* 
133* 
141* 


205* 
200* . 
193* 


' 33-5* , 
■ 331* 
30-6* 



■5;- 



CBA x DBA/2 
CBA x BALB/c 

CBA x DBA/2 



66(11,21) 
18(29, 6) 

29(43, 150) 



R murine GM-CSF 

Human RGM-CSF§ 
R murine GM-CSF§ 



10(18, 2)* 

18(32, 150)* 
21 (51.247)* 



In Exps 1 and 2 mice were aged (see 'Methods'). Experiment 3 was carried out in Canada. 

tKilled on Day 14-5. 

JOn Days 6-5, 8-5 and 10-5. 

§On Day 7-5. 

*P < 0 05 compared with controls. 
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IN THE MATTER OF 

US Patent Application No. 09/380,327 

by Robertson et al 



EXHIBIT DAC-4 



This is Exhibit DAC-4 referred to in the Statutory Declaration dated d^*-*-^ 2004 by 
David Alexander Clark. 



Before me: (T\ /, _ _ A 




A person empowered to witness Statutory 
Declarations under the laws of the Province of 
Ontario, Canada 
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Table 5. Reduction of CBA x DBA/2 fetal resorption (no, viable, no. resorbing) by purified murine GM-CSF from P338 D I 









Control mice 






Treated miccf 






Exp. 


Mating 
combination 


Resorbing 


Placental 
wl (mg) 


Fetal 
wl (mg) 


Treatment 


% 

Resorbing 


Placental 
wt (mg) 


Fetal 
wt (mg) 


1 


CBA x DBA/2 
CBA x BALB/c 


47(27,24) 
8(37,3) 


95 
138 


118 
211 


GM-CSROQ 


8(44,4)* 


136* 


209* 


2 


CBA x DBA/2 


37(17,10) 






PBS 

GM-CSF200 


5105,6) 
7(29, 2)* 






3 


CBA x DBA/2 


38(26,16) 






GM-CSF200 
GM-CSF400 
GM-CSFI000 
GM-CSF2500 


17(38, B)* 
24(32,10)* 
32(27,13) 
53(18,20) 




MM 



tKilledoo Day 14-5. 

IQM-C3 F i njected o n Days dJ, A 5 and 1 0-3 fit dose InUliiaicU 
*P < 0-05 compared with controls. 



Table 6. Reduction ofCBA x DBA/2 fetal resorption (no. viable, no. resorbing) by recombinant murine and human GM-CSF 



Control mice 



Treated micc| 



Exp. 


Mating 
combination 


% 

Resorbing 


Plac. 
wl 
(mg) 


Fetal 
wt 

(ma) 


Spongio- 
Irophoblnst 

width 
(mm x 10"') 


TrcntmcnlJ 


% 

Resorbing 


Plac. 
wl 

(™s) 


Fetal 

wt' 
(oifi) 


Spongjo- 
tropkohlast 

width 
(mm x 10"') 


1 


CBA x DBA/2 
CBA x BALB/C 


52(14,13) 


102 


122 


24-8 


GM-CSF from P338D1 
R murine GM-CSF 
R murine GM-CSF 


24(41,13)* 
30(33, 14)* 
17(24. 5)* 


140* 
133* 
141* 


203* 
200* 
193* 


33*5* 
33- 1* 
30-6* 


2 


CBA x DBA/2 
CBA x BALB/c 


66(11,21) 
18(29, 6) 








R murine GM-CSF 


10(18,2)* 








3 


CBA x DBA/2 


29(43,150) 








Human R GM-CSF§ 
R murine GM-CSF§ 


18(32,150)* 
21(51,247)* 









In Ex ps 1 and 2 mice were aged (see 'Methods'). Experiment 3 wus carried out in Canada, 
tKilled on Day 14-5. 
$On Days 6-5, 8*5 and 10-5. 
gOn Day 7-1 

*P < 0-05 compared with controls. 
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